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Abstract

The concept of governance for flood resilience has gained traction in scholarship and practice
over the last 15 years. Governance is distinct from government as it recognizes that flood risk
management (FRM) is carried out by actors that transcend government and which include the
private sector and civil society. Though there is a theoretical notion that effective FRM entails
the involvement of a diverse set of actors and measures, there is a notable lack of studies on the
development and evaluation of tools designed to foster greater integration between public and

private actors to solve FRM problems of common concern.

This dissertation primarily focuses on the Canadian context and the problem of
residential properties that are high-risk and “uninsurable” for flood damages, and which are
subject of current national public policy discourse. Current public policy discussions revolve
around the relocation of these properties away from high-risk flood zones and establishing a
public program for extending affordable flood insurance coverage to these higher risk properties.
This dissertation focuses on an alternative strategy by evaluating the role that a public-private
data-sharing partnership could play in reducing and managing the number of high-risk

“uninsurable” properties.

Through three interrelated studies, this dissertation demonstrates how, in the absence of a
common approach to flood risk identification, insurers and municipalities have a conflicting
understanding of which properties are at risk of flood. The lack of channels for information-
exchange between municipalities and insurers are also prohibiting municipal officials from
knowing why insurers classify a property as “high-risk”, while also posing difficulties for
insurers to become aware of public flood risk mitigation investments happening across Canada.

To foster collaboration between insurers and municipal officials for resolving the flood



insurability problem, a data-sharing platform is proposed and evaluated via interviews with
municipal officials and insurers. While this process of evaluation confirmed there is a “missing
link” between municipalities and insurers, the proposed data platform faces many obstacles for
its adoption and evidence gathered suggest it is unlikely to lead to greater availability and

affordability of flood insurance products.

Instead, findings support an appeal process that would establish a three-way
communication line between insurers, government officials and individual homeowners who are
experiencing issues finding affordable flood insurance coverage for their property. This process
of appeal would (1) reveal the reasons why insurers classify a specific property as “high risk” of
flood, (2) address modelling and technical limitations that may be influencing insurers’ risk
classification such as the omission of flood protection infrastructure, (3) agree upon additional
measures that could be implemented to reduce physical flood risk by either the homeowner
and/or responsible government agencies that could further promote that flood insurance remains

available and affordable to the homeowner.

More broadly, this dissertation concludes that in a time of increasing economic losses
from floods and climate risk uncertainties, a concerted multi-level government effort is necessary
to collect data about flood protection infrastructure. This database can inform the process of
appeal but it can also be used to raise awareness and provide confidence among civil society and
the private sector about the effectiveness of public infrastructure investments in preventing flood
damages. Finally, this dissertation presents novel approaches for evaluating flood risk
governance that leverage geospatial data, methods and tools which could be replicated and tested

in other international contexts.
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Chapter 1

Introduction to Dissertation
1.1 Research Context

Globally, floods are the most frequently occurring natural disaster and they pose serious social
and economic threats (Jha et al., 2012; WHO, 2022). Floods have caused widespread damage in
many urban centres where there is concentration of people, infrastructure and economic activities
(Bevere & Remondi, 2022; Jha et al., 2012). Between 1996 and 2015, flood risk management
(FRM) policies were found to have effectively reduced mortality from floods in many parts of
the world, but in the same time period, economic damages caused by flooding have increased
substantially (Bevere & Remondi, 2022; CRED & UNISDR, 2016; Jha et al., 2012; Petrucci et
al., 2019). This trend of increasing flood losses has been attributed largely to growth of
population and economic activities in flood-prone areas (Winsemius et al., 2016). It is
anticipated that floods will become increasingly damaging in the future due to socio-economic
and climatic change factors affecting many global regions (Bouwer, 2013; Jongman et al., 2012;

McClymont et al., 2019).

The strategies and tools used by societies to manage flood risk have changed over time,
often in reaction to flood disasters (Surminski & Thieken, 2017). For example, in the early and
mid- 20" century, a philosophy of flood control dominated how many countries approached
FRM (Costa, 1978; Shrubsole, 2013). During this time, notable flood control structures were
built, such as the Hoover Dam in the United States (1931-1936) and Canada’s Red River
Floodway (1962-1968). In the decades that followed, flood losses continued to climb despite

flood control structures (Watt, 1995). As a result, there was a recognition that complementary



strategies were needed, particularly land use and development policies that limit construction on

floodplains. Today, there is a recognition that FRM demands a “portfolio of measures” designed

to reduce and manage the consequences of floods with varying probabilities and degrees of

magnitude (Sayers et al., 2013, p. 55). This FRM portfolio includes measures that prevent flood

damages from materializing, such as floodplain development regulations and flood control

structures, as well as measures that facilitate flood recovery, such as property insurance (Figure

I-1) (National Academies Press, 2013).
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Figure 1-1. A portfolio of FRM measures (National Academies Press, 2013)

Increasing flood losses and projected trends facing

communities around the world are

inspiring new thinking about FRM and how to effectively manage rising economic risks and

climate change uncertainty (Alexander et al., 2016a). Notably, scholars are increasingly studying

the concept of “governance for flood resilience” (Alexander et al., 2016a; Hegger, Driessen,

Wiering, et al., 2016; Morrison et al., 2018, p. 291). Governance is distinct from management,



where governance refers to the “actor networks, rules, resources, discourses and multi-level
coordination mechanisms through which FRM is pursued”’; while management is considered a
product of governance (Alexander et al., 2016, p. 39). Put simply, governance focuses on who
carries out FRM and how they do so to achieve the greatest benefits for society in a resource-
efficient and legitimate manner (Hegger et al., 2018). Governance is also distinct from
government in that it recognizes that FRM is carried out by actors that transcend traditional
government institutions and which may include the private sector and civil society (Alexander,

Priest, & Mees, 2016a).

The need for multiple measures and multiple responsible actors to pursue FRM can foster
governance fragmentation (Gilissen et al., 2016). In many countries, FRM strategies, such as
land use planning, public works, emergency management, and disaster financial recovery, are not
a single agency’s responsibility (Golnaraghi et al., 2020b; Kousky & Golnaraghi, 2020;
Surminksi, Roezer, et al., 2020). Therefore, flood risk governance is fragmented because there
are multiple agencies simultaneously working on specific aspects of FRM, such as municipalities
who are responsible for enforcing floodplain regulations, and insurance companies who are
responsible for financing flood recovery. Although governance fragmentation is not a problem
per se, scholars assert fragmentation can lead to difficulties such as information asymmetry and
actors working at cross-purposes, which “can prove detrimental to the effectiveness of FRM”
(Gilissen et al., 2016, p. 12). To foster governance interconnectedness, new processes may need
to be established, such as through inter-organizational data-transfer, defining shared goals and

establishing joint policies and terms for cross-sector collaboration (Gilissen et al., 2016).

Flood risk governance integration research is in its infancy. One recent review, for

instance, found that “research supporting the governance of FRM for resilience lacks integration,



and methods of mitigating this lack of integration are poorly studied” (Morrison et al., 2018, p.
291). This gap is evidenced through the lack of studies, tools and methodologies that integrate
physical and social dimensions of FRM, top-down and bottom-up governance approaches, and
research, policy and practitioner communities (McClymont et al., 2019; Morrison et al., 2018). It
is anticipated that by integrating these dimensions, such as through tools, “more rapid advances
in our understanding of linked physical and social influences on flood risk and improved FRM
governance” will occur (Morrison et al., 2018, p. 300). This dissertation contributes to this
knowledge gap by evaluating the need for flood risk governance integration tools in Canada,
developing a tool that fosters governance integration, and evaluating whether such a tool is
appropriate, feasible and effective for strengthening societal flood resilience in the Canadian

context.

1.2 Canadian Context

FRM has traditionally been dominated by local, provincial and federal government agencies that
oversee programs ranging from floodplain delineation, flood damage prevention, emergency
management and disaster recovery (Shrubsole, 2013). In particular, governments have been
largely responsible for funding flood recovery through federal and provincial disaster assistance
programs. In the last 10 years, the cost of these programs has increased to the point where many
consider it no longer economically or socially sustainable (PBO, 2016). In response,
governments started to support the expansion of the availability of overland flood insurance
through private insurers (P. S. Canada, 2018). This represents a considerable shift in Canada’s
approach to FRM whereby the property and casualty (P&C) insurance industry has emerged as a
prominent voice in FRM policy (IBC, 2019). The P&C industry became a more important
stakeholder group in FRM following the launch of residential flood insurance products in 2015

4



(Calamai & Minano, 2017). The increased importance of the P&C industry in FRM has created a
new set of benefits, such as a new option for financial self-protection, as well as challenges, such
as the opaque relationship between flood insurance policies and public disaster assistance

programs.

With regards to FRM, insurers largely work in parallel from governments. For example,
insurers are known to use flood hazard datasets to identify and price flood risk that differ from
those data accessible to government agencies (Calamai & Minano, 2017). Since many insurance
companies operate at a national scale, there has been a surge of national flood models since 2014
designed to support flood insurance product development, pricing and underwriting decisions
(JBA, 2020). When this doctoral research began in 2018, little was publicly known about the
nature of these flood models and whether and how these models may be producing contradictory
views of flood risk than those accepted by government agencies. The need for the P&C industry
to have a consistent national dataset of flood hazard areas also gave rise to criticisms about the
way flood hazard data was being collected in Canada, particularly since flood hazard data had
been collected in a sporadic and inconsistent fashion by multiple governmental agencies (Henstra

etal., 2019).

Having a different set of flood risk data to inform underwriting and pricing is not a
problem per se. However, a lack of transparency about why insurers consider certain properties
as “high risk” of flood is a challenge for public policy. Specifically, the Government of Canada
launched working groups and task forces in 2018 and 2020 to find solutions “to protect
homeowners at high risk of flooding and without adequate insurance protection” (P. S. Canada,
2020; 1BC, 2019; PSC, 2020, para. 2). The Insurance Bureau of Canada (IBC) asserts that 6-10%

of Canada’s housing stock is at high-risk of flood and flood insurance for these properties is



either unavailable or unaffordable (Al-Shibeeb, 2022; IBC, 2019). Multi-sectoral working groups
have discussed several measures to deal with high-risk properties, ranging from property
relocation to establishing a Crown corporation to provide flood insurance coverage to high-risk
properties (Public Safety Canada, 2022). Nevertheless, a gap in insurability persists and
insurance industry representatives expect the number of high-risk properties to escalate “as we

build more homes in floodplains. And as flooding becomes more severe given climate change.”

(Al-Shibeeb, 2022, para. 8).

In parallel to public policy discussions about high-risk “uninsurable” properties,
government agencies at all levels have made investments to improve flood risk identification
(e.g., update local flood studies) and flood protection infrastructure. For example, the National
Disaster Mitigation Program (NDMP) allocated $200 million over 2015 and 2020 for “advancing
work to facilitate private residential insurance for overland flooding” (P. S. Canada, 2018, para.
3). The NDMP has been renewed to allocate additional funds to advance flood risk analysis,
flood hazard mapping, mitigation planning and structural mitigation projects. This federal
initiative is supplemented by other federal funds, such as the Disaster Mitigation and Adaptation
Fund?, and efforts carried out by sub-national government agencies, such as municipalities,
conservation authorities, and provincial bodies (Infrastructure Canada, 2018). It is unclear,

however, whether these infrastructure investments and improvements in flood risk identification

! The Disaster Mitigation and Adaptation Fund was launched in 2018 by the Government of Canada to invest $2 billion over 10

years in structural and non-structural infrastructure projects to mitigate the impacts of natural hazards and climate change (l.

Canada, 2018)



have reduced the number of high-risk “uninsurable” properties, and the specific factors that are

perpetuating this problem across different Canadian regions.

1.3 Research Objectives

The overarching goal of this research was to advance flood risk governance evaluation processes
by leveraging geospatial data, methods, and technologies. The specific goal of this research was
to evaluate the strengths and weaknesses of Canada’s governance approach to FRM and identify
pathways that enable intersectoral collaboration for increasing societal resilience to floods. This
research explored the idea of cross-sector data-sharing to enable new forms of public-private
collaboration to alleviate the issue of high-risk “uninsurable” properties. To this end, three

interrelated studies were conducted, each with its own research questions and objectives:

1. Study #1: How similar are insurer and government views of flood risk? What are the
potential societal implications of divergence in these views of flood risk?

a. Objective 1: Map, quantify and compare flood-prone regions and properties by
leveraging geospatial data used by government agencies and insurance companies
for flood risk identification in three Canadian cities (Halifax, Toronto, and
Calgary).

b. Objective 2: Based on the results of Objective 1, discuss the implications that
conflicting views of flood risk could have for addressing flood insurance
unavailability and unaffordability issues in Canada.

2. Study #2: Is there an appetite among municipalities and insurance companies to integrate

their flood risk data into a shared data platform to inform FRM efforts and decisions?



What should a data integration platform do to reflect the interests of municipal officials

and insurance representatives?

a.

Objective 1: Survey Canadian municipal officials to assess the extent to which
they have access to flood insurance data (e.g., industry flood hazard data,
properties at high-risk of flood identified by insurers).

Objective 2: Survey P&C insurance companies with Canadian operations to
assess their level of interest to share their flood risk insights and company data
with government agencies.

Objective 3: Evaluate whether a data platform that integrates public and private
flood risk data is of interest to municipal officials and insurance representatives to

inform FRM efforts.

3. Study #3: Does the fragmented governance approach to flood risk management create

barriers for alleviating problems of flood insurance availability and affordability in

Canada? Is a data platform an appropriate, feasible and effective tool to improve and

sustain the availability and affordability of flood insurance in Canada? Are there more

effective alternatives than a data platform to improve the availability and affordability of

flood insurance in Canada?

a.

b.

Objective 1: Develop a data platform prototype that captures the interests of
municipal officials and insurance companies reported in Study #2.

Objective 2: Interview municipal officials and insurance representatives to
evaluate the data platform and assess whether they would share data with the
other sector via this platform and identify foreseeable effects of cross-sector data-

sharing.



c. Objective 3. Analyze the interview data and determine if a data platform is an
appropriate, feasible and effective tool to improve the availability and

affordability of flood insurance in Canada.

1.4 Outline of Dissertation

This dissertation is written in a manuscript-style format composed of five chapters. Chapter 1
provides an overview of flood risk governance literature and describes how the proposed

research agenda addresses literature gaps identified by international scholars.

The body of this dissertation is divided into three chapters (Chapters 2, 3 and 4). Each of
these chapters presents its own set of research questions, literature review, methodology and
results, but they are conceptually aligned and build upon one another. Chapter 2 is published in
the journal Computers, Environment and Urban Systems and focuses on a comparative flood
exposure analysis by using flood hazard data used by governments and insurers to inform their
FRM decisions. The study results show large differences between flood hazard areas used by
governments and insurers alike which informs a discussion on the potential implications that

contrasting views of the same problem can have for building flood resilience.

Chapter 3 is under review in the International Journal of Disaster Risk Reduction and it
builds upon findings of Chapter 2 and leverages the principles of effective flood risk governance
to create a conceptual data-sharing and integration platform that could be used by local
governments and insurers to exchange flood risk data. A survey was administered to
municipalities across Canada and to P&C insurers to discern the level of interest in this

conceptual idea and explore the viability of this concept in practice.



Chapter 4 was submitted to Journal of Regional Environmental Change. This Chapter
builds upon findings of Chapter 2 and Chapter 3 and presents a prototype of a data-sharing
platform, labelled the “Resilience Bridge Platform”. Public and private stakeholders evaluated
the Resilience Bridge Platform based on its scope, feasibility, and effectiveness as a tool for
fostering interconnections in flood risk governance for overcoming issues with high-risk
“uninsurable” properties. Chapter 5 summarizes the research findings, including their

implication for flood risk governance literature, and presents an agenda for future research.
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Chapter 2
Governance of flood risk data: a comparative analysis of
government and insurance geospatial data for identifying

properties at risk of flood

Minano, A., Thistlethwaite, J., Henstra, D., Scott, D. (2021) Governance of flood risk data: a
comparative analysis of government and insurance geospatial data for identifying properties at
risk of flood. Computers, Environment and Urban Systems, 88: 101636.

Flood risk maps are essential sources of information for flood risk management (FRM)
decisions. Commercial flood models used by the insurance industry are rarely studied in the
academic literature which has led to difficulties in understanding their sources of uncertainty and
opportunities for improvement. This paper compares regions and residential properties identified
as exposed to floods by an insurance industry model and by government authorities responsible
for FRM in three Canadian cities. Findings show that the insurance model is identifying
substantially greater number of regions and properties as at-risk of flood, and little overlap exists
between public and private flood maps. The paper discusses opportunities for data integration
and increased data transparency for supporting flood resiliency efforts in Canada.
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2.1 Introduction

At a global scale, the number of flood events and their economic impacts have increased
substantially over the past decades (CRED & UNISDR, 2016; Jha et al., 2012; Winsemius et al.,
2016). Economic damages from floods are expected to continue rising in the future driven by
growth of population and economic activities in flood-prone areas (Bouwer, 2013; Winsemius et
al., 2016). Additionally, models indicate that climate change will likely increase the frequency of
heavy precipitation events in many regions, which can create more opportunities for flooding
(IPCC, 2014; Kundzewicz et al., 2014). Risks created by floods are not going unnoticed by
scholars and practitioners which has fuelled initiatives for improving the effectiveness of flood

risk management (FRM)(Alexander et al., 2016b).

There is broad acceptance in the literature that flood insurance is an effective mechanism
for financing flood recovery (W. J. W. Botzen & van den Bergh, 2008; Hegger, Driessen,
Wiering, et al., 2016). Flood insurance can provide multiple benefits to society, including greater
certainty of financial compensation in the event of a loss, swifter reconstruction in the aftermath
of a flood, and incentives for community and personal flood risk reduction (W. J. W. Botzen &
van den Bergh, 2008; Surminski & Thieken, 2017). Although appealing in principle, an
insurance scheme with these characteristics is complex to implement and it often requires the
involvement of government (Atreya et al., 2015). Internationally, governments have supported
flood insurance schemes in various ways to promote high insurance penetration and increase the
availability and affordability of flood insurance in higher risk areas (Dufty et al., 2020; Kousky

& Golnaraghi, 2020; Surminski & Eldridge, 2017).

In Canada, the federal government has announced that it will develop a national flood

insurance program which will target “homeowners at high risk of flooding and without adequate
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insurance protection” (Office of the Prime Minister, 2021). FRM has a long-history in Canada,
but it has largely been the responsibility of provincial, territorial and local governments
(Shrubsole, 2013). As a consequence, data on FRM has not historically been collated by the
federal government which poses challenges for clearly understanding what and who is at-risk of
flooding across the country (Henstra et al., 2019; Minerva Intelligence, 2020). For those external
to the industry, access to data on flood insurance is largely limited to high-level statistics on
insurance penetration and insured losses. The presence of data silos can impede policy progress
on a national flood insurance scheme, since it is difficult to locate high-risk properties and
determine why they may not have adequate flood insurance protection (e.g., personal choice vs.

insurers refused flood coverage).

Challenges to access data on flood insurance are not unique to Canada. In other countries,
insurers have expressed reluctance to share their data, including flood modelling data used for
pricing premiums, citing conflicts with their business interests (e.g., losing market
competitiveness) (O’Hare et al., 2016; Surminksi, Mehryar, et al., 2020). However, there are
increasing discussions about data-sharing across sectors for gaining a deeper understanding
about current limitations with flood insurance and (co-)developing targeted solutions to solve

problems that are of mutual interest (CWN & IBC, 2019; Surminski, 2017a).

This research leverages floodplain data used by local and provincial governments in
Canada for FRM purposes (e.g., public risk awareness, property buy-outs, land use planning).
This analysis compares floodplain data created by governments with floodplain data created by
JBA Risk Management (JBA). JBA licenses their data to insurance companies for pricing flood
insurance products available in Canada (JBA, 2020). The intention of this analysis is to (1) shed

light on where uninsurable, high-risk residential properties may be located, and (2) identify
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policy and research opportunities that arise by integrating public and private data silos. The
paper concludes with a discussion on how data silos are creating opaqueness about current
residential exposure and vulnerability to floods which can hinder the development of programs

that tackle existing issues with the residential flood insurance market.

2.2 Insurance for flood resilience

The concept of “governance for flood resilience” has gained momentum in the academic
literature over the last few decades as scholars seek avenues to increase resilience by
strengthening society’s capacity to prevent and mitigate risks, recover from and adapt to floods
in a changing climate (Alexander et al., 2016; Morrison et al., 2018, p. 291). In principle,
effective flood risk governance is composed of multiple FRM strategies and leverages the
collective expertise and capabilities of public and private actors (Driessen et al., 2018). It is
understood that integrating the efforts of multiple actors involved in FRM will increase resilience
to floods because multiple lines of defence are created and risks can be managed more
effectively than in the past. Indeed, in countries with long histories of managing floods,
responsibilities for FRM are spread among many public and private actors (e.g., municipalities,
financial institutions, property owners), which allows for building flood resilience through
multiple strategies (e.g., restricting development on floodplains, requiring proof of flood

insurance for mortgage lending) (Gilissen et al., 2016; Hegger, Driessen, & Bakker, 2016).

It is perhaps unsurprising that international bodies like the United Nations are calling for
global action to “strengthen disaster risk governance to manage disaster risk”, including the need
to “promote mechanisms for disaster risk transfer and insurance...in order to reduce the financial

impact of disasters on Governments and societies” (UNISDR, 2015, p. 19). Flood insurance is
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widely cited in both disaster risk reduction and climate adaptation literature as an effective risk
transfer mechanism that can facilitate financial recovery from floods (W. J. W. Botzen & van
den Bergh, 2008; Surminski & Oramas-Dorta, 2014). By collecting premiums, insurance
companies have a contractual obligation to their policyholders to provide financial compensation
in the event of a loss. This arrangement can lead to multiple benefits for society and governments
because it can provide private property owners with “certainty about post disaster support,
[and]...faster and more efficient reconstruction” while also reducing dependence on government

disaster assistance (Surminski and Thieken, 2017, p. 980).

Although flood insurance is considered to be an effective risk transfer mechanism, there
are many viewpoints regarding its implications for broader flood resilience objectives,
predominantly its relationship with risk reduction (Surminski & Oramas-Dorta, 2014). Some
argue flood insurance can incentivize flood risk reduction because it sets a market price for risky
behaviour; therefore, those who have higher premiums can feel incentivized to mitigate their risk
in order to reduce their premium (Kunreuther, 1996). Others assert that flood insurance creates a
moral hazard, whereby “policyholders’ [have a] low willingness to implement risk-reduction
measures or even relocate out of flood-prone areas expecting insurance payouts” (Hanger et al.,
2018, p. 981). From this perspective, insurance facilitates a cycle of repeat loss and recovery as
insurance is designed to restore damaged properties to pre-disaster conditions, rather than paying

for property upgrades or relocation that could limit the impacts of future floods.

In reality, the effectiveness of flood insurance as a risk transfer mechanism and as a risk
reduction driver can be hindered by several factors. First, in many countries where flood
insurance is available, consumer uptake of this product is low (Surminksi, Roezer, et al., 2020).

One reason is that flood coverage is often an optional add-on to standard home insurance policies
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that is not sought out or perceived as necessary coverage by property owners. This can also be
the case for homeowners who are unaware of their property’s flood risk (Kunreuther, 1996).
Additionally, insurers may assess that a property’s risk is unacceptably high and refuse to offer
protection for flood altogether (O’Hare et al., 2016); thereby leaving those most exposed to flood
damages to seek other means of financial protection (e.g., self-insurance, government disaster
assistance). Low insurance penetration undermines flood insurance as an effective risk transfer
mechanism leaving other actors responsible and possibly unprepared for financing disaster

recovery.

Empirical research has also found weak evidence that flood insurance is an incentive for
risk reduction, particularly for household-level risk reduction (Atreya et al., 2015; Surminski &
Eldridge, 2017; Surminski & Oramas-Dorta, 2014). First, the effectiveness of flood insurance as
a risk awareness tool has been questioned because “insurers usually do not differentiate or
disclose to their customers the percentage relating to flood insurance” (Surminski and Thieken,
2017, p. 993). Insurers have also been found to offer few incentives for the implementation of
household flood risk reduction measures (e.g., premium discounts, risk reduction information)
(Hanger et al., 2018; J. E. Lamond et al., 2009). Studies have indicated that this is because “the
insurance industry remains doubtful that property level resilience and resistance measures
provide a foundation for lowering policy costs or excesses” (Surminski and Eldridge, 2017, p.

422).

In short, flood insurance can theoretically be an effective tool for enhancing flood
resilience and fostering a culture of preparedness, but empirical research shows that it often
struggles to achieve its full potential, whether due to low insurance uptake or an unclear

connection with broader flood resilience objectives.
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2.2.1 The role of government in flood insurance schemes

Internationally, governments have played active roles in support of flood insurance schemes
(Atreya et al., 2015). Their involvement has been instrumental to address market imperfections
that are difficult for the private sector to solve on its own. Government intervention has involved,
for instance, developing an insurance solution for high-risk households (e.g., U.S.), promoting
flood insurance penetration through public awareness campaigns (e.g., Germany), legislating
standard home buildings and contents insurance policies to include flood coverage (e.g.,
Australia), and committing to risk reduction in exchange of increased insurance availability (e.g.,
England) (Mason, 2011; National Academies Press, 2015; Surminksi, Roezer, et al., 2020).
Although the specific role that governments play in flood insurance schemes varies from country
to country, they have been instrumental for addressing observed limitations with how the private

market is operating.

One initiative to strengthen flood insurance markets that has gained momentum in recent
decades is the cooperation of the public and private sectors in data management (CWN & IBC,
2019; Surminski, 2017a). There are some recent examples of this type of public-private
cooperation that are being designed to increase the industry’s capacity to detect and assess flood
risks accurately, which, as a result, are leading to a re-evaluation of property-level flood risk. For
example, the German Insurance Association’s nationwide flood hazard zoning system (ZURS)
began to integrate more sophisticated maps created by public water authorities in response to
technical limitations of its original flood maps. This effort reportedly reduced the proportion of
high-risk properties in Germany from “1.5% of all buildings in 2008 to 0.65% of all buildings in
20167, effectively reclassifying 67,000 homes to lower risk zones (Surminski and Thieken, 2017,

p. 989). Similarly, in Australia, local governments can contribute data (e.g., local flood hazard
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studies) to the insurance industry’s National Flood Information Database in order to increase the
precision of the industry’s flood risk assessments, which can in turn reduce premiums where risk
has been re-evaluated (Floodplain Management Australia, 2015; Insurance Council of Australia,
2021). By providing access to local flood mapping studies and technical data, governments are

enabling the insurance industry to more precisely detect property-level flood risk and reflect that

in their pricing.

In addition to supporting the insurance industry’s technical ability to detect risk, public-
private cooperation in data management is becoming topical for the benefits that it can also bring
to governments, and for strengthening the relationship between flood risk reduction and flood
insurance (Table I1-1)(Surminski, 2017b). For example, municipalities in Canada assert that
access to insurance flood hazard maps could “support [risk] mitigation efforts and enable them to
focus their efforts more appropriately and, in some cases, help them identify higher-risk areas
that were not previously known” (CWN, 2020, p. 15). If municipal governments know their
investments in risk reduction will be acknowledged by insurers, this arrangement could
incentivize governments to invest in flood risk reduction on an ongoing and long-term basis as
they could see immediate benefits through tangible indicators (e.g., increases in flood insurance
availability in Year A vs. Year B in their jurisdiction). Such an arrangement could encourage an
important departure from the “status quo™ in disaster risk management that tends to review

practices in reaction to disasters (Surminski & Thieken, 2017; UNISDR, 2015a).
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Table 11-1. Conceptual scenarios of how public-private data management can strengthen flood

resilience. The diagrams depict rivers in light blue, floodplain area in dark blue, high risk area in

red and moderate risk area in orange.

Conceptual scenarios

Scenario 1:
Insurers provide* flood
hazard modelling data

Scenario 2:
Insurers provide* data
on residential flood
exposure

Scenario 3:
Insurers provide* data on
flood insurance uptake

Data that The insurance industry’s | The insurance industry The insurance industry shares
insurers model uses a rough shares with government | with municipal governments
provide* to hydraulic modelling where high-risk, what the uptake of flood
governments | approach and does not uninsurable properties insurance is in and outside a
account for flood are located. commonly recognized
defences. floodplain.
City A City B
— 95% uptake 10% uptake
S
Y
Response Governments supply Governments target risk | Governments recruit
from local flood studies, flood | mitigation efforts in researchers to explore why
government | protection highly exposed areas flood insurance penetration is
to receiving | infrastructure data and | and communicates this | higher in some communities
insurance other technical data to the insurance and not others (e.g., social,
data (e.g., Digital Elevation industry via a common psychological, institutional
Models) for enhancing database. factors).
the industry’s model.
Impact of This collaboration The industry re- Research evidence informs
public- addresses assumptions | evaluates risk policies and programs for
private of the industry’s models | assessments for areas supporting at-risk and

collaboration
in data
management

and improves the
detection and prediction
of flood hazards.

benefited by new
government risk
reduction projects.

underinsured populations.
City B
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Impact of This leads to a reduction | This leads to a reduction | The implementation of policy

public- of modelled flood-prone | in premiums in interventions leads to increases
private areas due to protected areas and in flood insurance uptake
collaboration | improvements in input makes insurance more among at-risk populations.

on flood model data. affordable.

resilience

*The term “provide” here does not necessarily mean that insurers provide raw data to governments.
Insurers can also provide a view of their data through a Web mapping service that is accessible by

governments, or provide processed data (e.g., summary statistics for metrics of interest).

Despite some work in this space (e.g., Thistlethwaite et al., 2018), there is a lack of
empirical research that showcases the data that is available or created by the insurance industry
for assessing and pricing flood risks. As documented in international literature, the insurance
industry has historically been reluctant to release their data because they feared harm to their
commercial interests (e.g., losing market competitiveness, data protection conventions) (O’Hare
et al., 2016; Surminski, 2017b). However, increasing transparency about the industry’s data
could facilitate a greater understanding about what these data can offer other sectors involved in
FRM. Furthermore, integrating public and private data sources in a data management system
could increase transparency and awareness about how each sector is contributing to FRM and

directing collaborative responses for existing and emerging problems.

2.2.2 Flood insurance in Canada

The Canadian federal government has committed to developing a national flood insurance

program for Canada (Office of the Prime Minister, 2021). There are few documents as of yet that
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have been published about what the program will achieve and how the federal government and
other sectors will be involved in its implementation. To date, it has been announced that this will
be a low-cost flood insurance program that will target “homeowners at high risk of flooding and
without adequate insurance protection” (Office of the Prime Minister, 2021). In 2021, a Task
Force on Flood Insurance and Relocation was established with a mandate to examine options for
developing this insurance program, and to also design a plan for assisting the relocation for

properties at “highest risk of recurrent flooding” (PSC, 2020).

The interest in flood insurance has been growing in Canada since the Alberta floods in
2013, and it is a deviation from traditional financial disaster recovery processes that have been
the responsibility of the federal and provincial governments (Bruce, 1976; Calamai & Minano,
2017). Existing government disaster recovery programs (DRP) are designed to pay for
uninsurable losses (public or private) when large disasters occur and generally finance essential
repairs (Alberta Government, 2021a; EMO Nova Scotia, 2021; Government of Ontario, 2020).
DRP can also pay for ones losses when insurance coverage is insufficient to cover for essential

repairs (e.g., Ontario) (Government of Ontario, 2020).

Until 2015, Canada was the only G7 state in which overland flood insurance was
unavailable for residential properties (Calamai & Minano, 2017). This product is not yet “readily
and reasonably available” to all Canadians and damages incurred from floods could still be
covered by DRP (Alberta Government, 2021b). As of 2019, the Insurance Bureau of Canada
(IBC) estimated that “about 34% of Canadians are now insured for overland flood risk™ and 16
companies are offering residential flood products (IBC, 2019, p. 16). This coverage is purchased
on a voluntary basis (Golnaraghi et al., 2020b). Additionally, IBC estimates that approximately

7-9% of the Canadian housing stock falls in a high-risk category and would experience
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difficulties finding affordable flood insurance, ranging from 800,000 to 1 million households
(IBC, 2019). The insurance industry in Canada is politically engaged in this subject and has
invested in many related activities, including the development of a national flood hazard map in
2014—an initiative led by IBC in collaboration with flood modelling firm JBA—as a way to
support insurance companies in offering residential flood insurance for the first time in Canada

(Calamai & Minano, 2017; IBC, 2019).

Residential flood insurance in Canada is not subject to the same regulatory treatment and
government oversight as other types of insurance (e.g., auto insurance)(Golnaraghi et al., 2020b;
Kovacs & Kunreuther, 2001). Insurance companies can independently design flood insurance
products and are not required to disclose where they do not offer flood insurance coverage due to
high risk levels. Aside from IBC’s high-level reporting on the state of the flood insurance
market, other sectors (e.g., government, academia) can license data from CatlQ, an organization
that collates data from the industry on their exposure to various perils, including flood. These
data, however, are aggregated at a postal district level (i.e., Forward Sortation Area) (CatlQ,
2020). To put this into perspective, an average postal district encompasses 8,000 households
(ranging upwards to 60,000 households) and can represent a large geographic area, particularly
in rural Canada (SFU, 2020). This is a sufficient level of granularity to gain some market insights
on all households, but not specifically for flood-exposed households as these tend to spatially
concentrate in areas within a postal district (e.g., along river banks) (Insurance Council of

Australia, 2011).

This knowledge gap presents a challenge for the Government of Canada, as it is difficult
to know where the high-risk households who do not have adequate flood insurance protection

are located across the country and why they do not have this coverage (e.g., lack of interest in
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flood insurance vs. high cost of flood insurance coverage). To make matters more difficult for
identifying national residential flood exposure, government-issued flood maps are currently not
curated in a single national database (Henstra et al., 2019). Addressing this knowledge gap could
provide the information needed to prioritize key issues for action, and to clarify the federal

government’s role in addressing such issues through a national flood insurance program.

2.3 Study objectives and study area

This study compares residential flood exposure as identified through floodplain datasets used by
governments for FRM purposes (e.g., land use planning, public risk awareness, property buy-
outs) to those used by insurance companies for pricing flood insurance products. Since data on
flood insurance is scarce for sectors outside the industry, this study’s objective is to increase
transparency about what insurance companies know about residential flood exposure, and to
detect which properties may fall under a high-risk category and experience difficulties finding
affordable flood insurance coverage. The intention for comparing insurance and government
floodplains is to also detect opportunities for strengthening the alignment between government
FRM efforts and the private flood insurance market, such as the relationship between risk
reduction and decreases in high-risk, uninsurable households. This research is timely because
findings could have implications for policymakers designing Canada’s national flood insurance

program.

This study focuses on three Canadian cities: Toronto (Ontario), Halifax (Nova Scotia)
and Calgary (Alberta). These three cities were selected in order to account for their unique local
approaches to FRM. Being aware of the broader institutional context could help detect

opportunities for aligning public and private FRM efforts (Morrison et al., 2018).
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2.4 Data and methodology

This study leverages three main data sources to calculate residential flood exposure. First,
government flood hazard areas (GFHAS) were acquired for each city. Second, insurance flood
hazard areas (IFHAS) for the three cities were extracted from JBA’s 2018 Canada Flood Map
product, which contains flood hazard data for multiple modelled flood events (e.g., 20-, 100-,
200-year floods) at a national scale. Third, 2018 residential housing stock data for the three cities
was licensed from DMT]I Spatial Inc., a leading producer of location intelligence, which
maintains a database of all addresses in Canada, including address locations and address
attributes (e.g., postal code, city) for more than 15 million addresses. While some of the GFHAs
were available for free download via government Open Data portals, the researchers entered
various data sharing agreements with government entities, JBA and DMTI to gain access to the

data used for this research.

This study focused on fluvial flood hazards because data for other types of flood hazards
(e.g., coastal, urban flooding) is much more limited in Canada, especially from government
sources (Henstra et al., 2019). Canada also has a long legacy of managing fluvial floods using
floodplain maps, and the impact of floodplain regulations is evident in how cities have grown for

the last 50 years (Watt, 1995).

In the absence of an official definition of a “high risk property”, this study used the 100-
year floodplain as a way to separate higher risk properties from the rest of the housing stock. The
100-year flood has been used as a minimum national standard for floodplain mapping and
floodplain regulations since the 1970s and IBC also considers it as a conservative measure for

categorizing properties as high-risk (IBC, 2019; Watt, 1995).
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2.4.1 Data sources

Government flood hazard areas (GFHAS)

In all three cities, the GFHAs inform government FRM decisions, including actions that prevent
the construction of new high-risk properties and reduce risks faced by properties already built on
floodplains. These floodplain lines at a minimum are based on a 100-year flood event, with the
exception of Toronto where floodplain maps are based on the “greater of the Hurricane Hazel
storm event or the 100-year storm event” (TRCA, 2014, p. 91). Maps showing these floodplain
boundaries are available for the public to look up their individual address and flood exposure
(City of Calgary, 2020a; Halifax Regional Municipality, 2020; TRCA, 2019). Arguably, these
public maps are the only legitimate and “official” source of information to determine personal
flood risk in these three cities.

Although the GFHASs are used for floodplain regulatory purposes in all three cities, there
are some distinctions on the policies that reference these maps. In both Calgary and Halifax,
there are portions within the floodplain (labelled “floodway”), where flooding is more likely to
occur and/or cause severe damage, that have stricter land use restrictions than the remainder of
the floodplain (labelled “flood fringe”) (Alberta WaterPortal Society, 2014; HRM, 2021). New
residential development is restricted on the floodway, but some non-residential land uses may
still be allowed on the floodway, such as agriculture and parkland. The floodway area in Calgary
was also used to detect eligible properties for buy-outs following the 2013 Alberta floods
(Government of Alberta, 2013). In Calgary and Halifax, residential development is allowed on
the flood fringe under certain conditions (e.g., raised foundations above a specified flood level)

(City of Calgary, 2021a; HRM, 2020). In Toronto, all new residential development is prohibited
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on the entire floodplain, but historical communities exist in parts of the floodplain (TRCA,
2014). Therefore, it is expected that there will be some residential properties in GFHAS because
these may be historical buildings that pre-date floodplain regulations or newer properties that
have been floodproofed.

In addition to regulatory floodplains, there are some informational flood hazard datasets
that were also included for this analysis that were created in 2015 and 2017 for Calgary and
Halifax, respectively. In Halifax, these maps account for climate change, and the city is
considering updating its regulatory floodplain area based on this new information (HRM, 2021).
This area is larger than HRM’s current regulatory floodplain (HRM, 2021). The City of Calgary
uses the new floodplain study for providing building design recommendations that exceed
floodplain regulations (City of Calgary, 2020b). It was important to account for both regulatory
and informational flood maps for this analysis to have a comprehensive view of areas that are

prioritized for flood risk prevention and risk reduction by governments (Figure 11-1).
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Government flood hazard areas (GFHAS)
For each city, the GFHA is the maximum spatial extent of all government floodplain datasets

Calgary Halifax Toronto
Floodplain dataset #1: Floodplain dataset #1: Floodplain dataset #1:
Regulatory floodplain Regulatory floodplain Regulatory floodplain

Source: Halifax Regional Source: Toronto and Region
Source: Alberta Government . . A
Municipality Conservation Authority
Floodway The greater of
Hurricane
20-year .
100-yr RP Floodway Y Floodplain Hazel (350-yr
RP RP) or 100-yr
Flood fringe RP
Floodplain dataset #2: Floodplain dataset #2:
Informational floodplain Recommended floodplain
Source: Citv of Calgar Source: Halifax Regional
POl Laeal Municipality

Flood hazard

Flood hazard area
100-yr RP (accounting for  100-yr RP
area .
future climate
change)

Figure 11-1. Summary of government flood hazard areas used for this study. Datasets last
accessed on February 2021 (Halifax); May 2019 (Toronto); and February 2021 (Calgary). RP =
Return period. Halifax’s recommended floodplain covers a larger area than the regulatory

floodplain.

Insurance flood hazard areas (IFHAS)

This study used JBA’s 2018 Canada Flood Map to extract flood hazard data for the three cities.

JBA is a well-established flood risk modelling firm that supplies data to IBC and insurance

companies in Canada and internationally (IBC, 2019; Surminski, 2017a). JBA affirms that its
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https://data.calgary.ca/Environment/Regulatory-Flood-Map-Bylaw-Flood-Hazard-/tp6q-x2v7
https://catalogue-hrm.opendata.arcgis.com/datasets/11adc4e1e52a45b5b9f6bc63ef6e0883_0
https://catalogue-hrm.opendata.arcgis.com/datasets/11adc4e1e52a45b5b9f6bc63ef6e0883_0
https://data.calgary.ca/Environment/1-100-Flood-Map-1-chance-of-occurring-in-any-year-/w8wn-kuii
https://catalogue-hrm.opendata.arcgis.com/datasets/568893d6be574fc991d76074121c7abb_0
https://catalogue-hrm.opendata.arcgis.com/datasets/568893d6be574fc991d76074121c7abb_0

“Canada Flood Map is the most widely used map in the Canadian re/insurance market” (JBA,

2020, p. 1).

JBA produces several spatial data products that depict undefended flood zones for
different flood return periods (e.g., 20-, 100-, 200-year floods). For comparing with the GFHAS
that at a minimum represent a 100-year flood event, this study used JBA’s 100-year return period
flood layer. JBA’s 100-year flood layer provides information on the spatial extent and flood
water depths for a modelled 100-year flood event. It is expected that where the GFHA represents
a more severe event than the 100-year flood (e.g., Toronto), the GFHA will be cover a larger

area than the IFHA.

JBA’s flood hazard model does not account for the presence of flood defences, such as
dikes and levees. However, it has created an additional dataset that does capture known or
assumed defences. JBA’s Flood Defence Database (FDD) depicts areas across Canada that are
protected from fluvial floods, including information about the standard of protection of a defence
structure (e.g., the defence protects properties from a 100-year flood). The FDD was used to

identify properties that are exposed to floods but have some level of protection according to JBA.

Residential address database

To identify residential flood exposure, this analysis used a 2018 residential address dataset
containing 933,468 residential addresses across the three cities (Table 11-2). This dataset includes
address location and characteristics for each of the 933,468 residential addresses, such as
municipality, province, postal code, primary use of the address (e.g., residential), and whether

the address corresponds to a multiple dwelling unit (e.g., apartment buildings). Although
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condominiums are included in this address dataset, only the addresses for single-dwelling units

were selected for this analysis since these could be directly damaged by a flood.

Table 11-2. Number of properties in study area

City Total number of addresses Number of residential
addresses (single-dwelling)
Calgary 559,227 347,901
Halifax 192,563 117,657
Toronto 1,285,807 467,910
Total 2,037,597 933,468

2.4.2 Methodology

Detecting flood-prone residential properties

A standard Geographic Information System software (i.e., ArcGIS) was used to spatially detect

whether each address point was located in a GFHA, IFHA or neither flood zone (Figure 11-2). If

a property was located in any of the flood zones, it was classified with a 1, otherwise it was

classified as a 0. This binary classification allowed for detecting how many properties were

located only in GFHAS, only in IFHAS, both in GFHAs and IFHAS, and those that were outside

of any flood zone. This process was repeated for each of the 933,468 properties in the study area.
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Figure 11-2. Datasets used for classifying properties as at-risk of flood

The properties were classified using four different methods for assessing property-level
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(Kundzewicz et al., 2014; National Research Council Canada, 2015).

flood risk, which ranged from strict to lenient methodological approaches for classifying a
property as at-risk of flood (Figure 11-3). The first analysis (A1) used the address point locations
to assess whether each point was located in a GFHA, as well as an IFHA that accounted for all

areas that would be flooded (i.e., deep and shallow flood waters). The second analysis (A2)
followed the same methodology as Al, but each property was classified as at-risk if it would be
impacted by IHFAs where flood waters are 30cm (1 foot) or more in depth. Water depth is an
important driver of flood damages, as deeper flood waters cause more property damage than

shallow waters; therefore, flood water depth is key variable for calculating risk-based premiums



The third (A3) and fourth (A4) analyses were more lenient than the first two because they
used the general vicinity of the address point (i.e., a buffer of 30m) for classifying a property as
at-risk of flood. The third analysis used the address points with a 30m buffer and all IFHAs, and
the fourth analysis used the address points with a 30m buffer and the IFHAs where flood water
depth is 30cm or more. A3 is the most lenient method of the four analyses for detecting property-

level flood risk.

Al — Address points, all GFHAs, all IFHAs
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Figure 11-3.
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Defended areas

Properties that were in areas protected from floods according to JBA’s FDD were also classified.
Although it is not known how insurers in practice incorporate flood defences in flood insurance
pricing, this additional step provides insight on which at-risk properties may be receiving

reduced flood insurance premiums due to the presence of structural flood protections.

Summary statistics

Finally, summary statistics were computed at the municipal ward level to compare the results
between analyses within each city. Municipal wards (or districts in Halifax) are representative of
municipal electoral boundaries, so each ward generally has a similar population (City of Calgary,

2021b; City of Toronto, 2021; HRM, 2016).

2.5 Results

2.5.1 Overall results

Across the three cities, 57,056 residential properties were located in GFHASs or IFHAS (6.1% of
total)(A3 method). There were particularly few properties in GFHAs in all cities where, even
when employing the most lenient method for detecting flood exposure (A3 method), there were
16,239 (1.7%) properties in GFHAs out of all 933,468 single-dwelling residential properties in
the three cities (Figure 11-4). This is a positive finding that indicates that, to some degree,

floodplain regulations have prevented the construction of residential properties on floodplains.
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Figure 11-4. Results for A1-A4 methods for classifying properties as at-risk of flood. A1 was
conducted with the address points, all GFHAs and all IFHAs. A2 was conducted with the address
points, all GFHAs and IFHAs where flood water depth was 30cm (1 foot) or more. A3 was
conducted with the address points (30m buffer), all GFHAs and all IFHAs. A4 was conducted
with the address points (30m buffer), all GFHAs and IFHAs where flood water depth was 30cm

(1 foot) or more.

Regardless of the method used for identifying at-risk properties, there were generally
more properties in IFHAS than in GFHAs. There were more properties in IFHAS even when
reducing the flood extent of IFHASs by excluding shallow flood waters (i.e., less than 30cm in
depth)(A2 and A4 methods). Only in Toronto, there were two instances where there were more
at-risk properties in the GFHA than the IFHA. There were 282 and 103 more properties in the
GFHA than the IFHA using the A2 and A4 methods, respectively. This finding was expected as
the regulatory floodplain standard in Toronto exceeds the 100-year flood event. Relative to its
single-dwelling housing stock, Toronto consistently had the lowest percentage of properties in
GFHAs and IFHASs out of the three cities (3.83% vs. 8.44% in Calgary and 8.30% in Halifax

using the A3 method). This could be because Toronto has the strictest floodplain development
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rules out of the three cities, which has prevented new residential construction in its entire

floodplain, rather than segments within the floodplain like in Calgary and Halifax.

The findings show notable differences in Calgary between the number of properties in
GFHAs and IFHAs. Here, 27,460 properties were in the IFHA, while 7,634 were located in the
GFHA—a difference of 19,826 properties (A3 method). At the same time, JBA’s FDD indicates
that most properties in Calgary are protected against a 100-year flood (Table I1-3). Though these
properties are situated in the IFHA, they may not be considered high-risk by insurance

companies since their risk is mitigated by community-level flood defences.

Table 11-3. Number of properties in areas protected from floods. These areas protected from

flood impacts were provided by JBA’s FDD.

Study area Number of Number of Standard of
residential properties in areas protection
addresses (single- defended from
dwelling) floods
Calgary 347,901 301,683 100-year flood
Halifax 117,657 0 -
Toronto 467,910 467,910 100-year flood
Total 933,468 769,593

This is not the same case for Halifax, where no property is in an area protected from
fluvial floods according to the FDD. Halifax also has the fewest properties in government-
designated floodplains out of the three cities, yet the IFHA indicated many areas throughout the
municipality as being exposed to fluvial floods (Figure 11-5). This included developed and
undeveloped lands that are currently not designated as floodplains in government documents.

This is partly because the municipality’s floodplain regulations have targeted specific
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neighbourhoods within the city since the 1980s (e.g., Bedford and Sackville neighbourhoods).

For the other two cities, regulatory floodplains are located throughout the whole city.

Ty
Similarities and differences in insurance and government flood hazard areas
Halifax, Nova Scotia

Legend
Halifax Regional Municipality
Waterbodies
Areas exposed to a 100-year flood, as shown in
Both insurance and government flood hazard areas
I Only government flood hazard areas 9 5 10 20 Km
I Only insurance flood hazard areas

Figure 11-5. Similarities and difference in GHFAs and IFHAs in Halifax
2.5.2 Agreement between flood exposure analyses

Overall, there was little agreement between the flood exposure analyses derived using the
GFHAs and the IFHAs (Figure 11-6). At most, 25.49% of at-risk properties were located in both
GFHAs and IFHAs (A2 method). The remainder were either in only the GFHA (31.28%) or only
in the IFHA (43.23%). The least amount of agreement was identified using the A3 method where
18.90% of at-risk properties were in both GFHASs and IFHAs, 9.56% were only in GFHASs and
71.54% were only in IFHAS. The disagreement between flood exposure analyses was

particularly noticeable in Halifax, where on the upper end only 10.01% of all at-risk properties
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were in both the GFHA and IFHA (A4 method). Up to 91.37% of all at-risk properties were only

in the IFHA and not the GFHA in Halifax (A3 method).
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Figure 11-6. Agreement and disagreement in residential flood exposure analyses

Within each city, there were also a number of municipal wards where more than 90% of

at-risk properties were only in IFHAs and not in GFHAs. That includes 6 out of 14 wards in
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Calgary, 12 out of 16 polling districts in Halifax, and 8 out of 25 wards in Toronto (A3

analysis)(Figure 11-7).
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Figure 11-7. Percentage of at-risk properties in any flood hazard area, by ward (A3 method)
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2.6 Discussion

The overall results show that fluvial flood risk, regardless of whether it is defined by government
or insurance flood maps, affects a relatively small percentage of residential properties in the
three cities. This is a positive finding which indicates that, to some degree, floodplain
development regulations have prevented new residential construction on designated floodplains,

particularly in the floodway portion of the floodplain.

There are, however, notable differences in the location and number of flood-exposed
residential properties identified using the GFHAs and IFHASs. These differences raise questions
for Canada’s national flood program that is being designed to target homeowners at high risk of
flooding and without adequate insurance protection. First, this study’s findings show that there
are many residential properties in IFHAs that are outside of GFHAS, which raises questions
about how many properties there are in Canada that insurers would consider high-risk. This
knowledge gap prevents an understanding of how widespread this problem of high-risk
populations is in Canada, the reasons why they do not have adequate flood insurance protection,
and ultimately how a national flood insurance program can effectively support the current

residential flood insurance market and address its limitations.

Second, this study’s findings also present opportunities for innovation for managing areas
at higher risk of flooding through cross-sectoral collaboration. In particular, there are
opportunities for developing a data management system that integrates GFHAs, IFHAs, and
other FRM information for overseeing how high-risk and other flood-prone areas are being
managed by various sectors across the country. Such a system could create new opportunities for
improving FRM, such as for municipalities by accessing other sectors’ risk assessments, and also

for increasing transparency about how the flood insurance market is operating in different cities
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and how it could be supported by governments across all levels (e.g., increasing flood insurance
penetration). Integrating data silos could facilitate problem identification, collaborative problem-
solving and effective policymaking since problems are explicit and commonly understood by all

relevant actors.

The following sections explore these topics in more detail and describe opportunities for

innovation and future research.

2.6.1 Where are the homeowners at high risk of flooding and without adequate

insurance protection?

This study leveraged government and industry flood hazard datasets to identify residential
properties exposed to floods in three cities. The findings offer a first glimpse at how the public
and private sectors see the “flood problem” differently and where properties that could
experience insurability issues may be located. However, this study does not show conclusively
where high-risk properties are to pinpoint residences with inadequate insurance coverage for
flood damages. Additionally, it is not known to what extent insurance companies rely on the JBA
model when making decisions about where they offer flood insurance cover and when pricing
this product. Subsequent analyses could survey populations living in GFHAs and IFHAS to
confirm how many of these properties are adequately insured for flood, document any difficulties
experienced acquiring flood insurance cover, and assess public interest or disinterest in
purchasing this product. The additional data could validate this study’s findings, as well as
account for behavioural differences for populations who are aware of their risk because they live
in government-designated floodplains, and populations who live in IFHAS that are not accessible

for public use.
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For the creation of a national flood program that targets high-risk properties, having
sound estimates of the number of properties that would be eligible for the program is essential
because this can impact the resources required for the program and policies to support key
demographics of concern. For example, the program would be inherently different if the majority
of high-risk households are either high or low income. On one end, high-income households
have a greater ability to pay for higher flood insurance premiums but may choose to purchase
limited coverage if the high cost of insuring the whole property is unjustified. To address this
scenario, the federal government could consider designing a framework for lowering risk in
high-risk areas both at the community- and property- level for incentivizing the market to offer
more affordable flood insurance options. On the other end, low-income households could find all
available flood insurance options as unaffordable. To address this scenario, the government
could consider subsidizing flood insurance premiums for lower income households; however, a

separate risk reduction strategy would need to be designed to address moral hazard.

Although some research has sought to identify the socio-economic characteristics of
populations at high risk of flood (e.g., Chakraborty, 2019), there is currently no research that (1)
provides insights on the behaviours of populations living in GFHAs and IFHAs when seeking
and purchasing flood insurance cover, and (2) that confirms that these “high risk areas” are also
where flood insurance is unaffordable and unavailable. These additional insights would add
much needed local context and validation for informing Canada’s national flood insurance

program.
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2.6.2 Opportunities for technical and governance innovation

By showcasing what IFHAS look like, it is evident that there are several opportunities for
collaboration between insurers (including insurance flood modellers like JBA) and governments.
The disagreement between the flood exposure analyses shows that (1) there may be errors in the
IFHAs as a consequence of modelling methods and data available to the industry, (2) there may
be high-risk areas and/or flood-prone areas that are outside of GFHAs and that governments
across all levels should be aware of for FRM, and (3) there are opportunities for integrating data
silos through a data management system for supporting and informing cross-sectoral

collaboration in FRM.

Being a national flood model, JBA’s 2018 Canada Flood Map could have some
limitations as a consequence of modelling assumptions or input datasets being used for
calibrating and validating the flood model. Similar opportunities as those identified in Germany
and Australia may be present in Canada, where local flood experts and municipalities helped
enhance the precision of industry flood models. This could be achieved by contributing better
input technical data (e.g., Digital Elevation Models), historical flood extents, and data on
municipal flood mitigation infrastructure to improve the model’s ability to predict where flood
waters are likely to cause damage. JBA makes regular enhancements to its model, which presents
an opportunity for governments to contribute data that will enhance their ability to predict risk,
particularly since these models aim to assess risks at the property-level. This type of
collaboration is not limited to JBA as it can also prove useful for other modelling firms driving

innovation in flood prediction and forecasting.

Lessons from the international community have shown that government flood maps can

underestimate flood exposure (e.g., U.S.)(Wing et al., 2018). This can be because of age, quality
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and limited area that was the focus of government floodplain studies (Henstra et al., 2019; Wing
et al., 2018). Indeed, in Halifax, for example, governments have focused primarily on fluvial
flood risks in specific neighbourhoods (e.g., Bedford and Sackville neighbourhoods), while the
IFHAs show fluvial flood hazards in other locations across the municipality as well. At the same
time, designating new areas as regulatory floodplains can be highly politically contentious and
unpopular among affected residents (Yeo, 2003). Municipalities in Canada have expressed an
interest in accessing other sectors’ risk assessments to gain a “more complete ‘picture’ of risk”
(CWN, 2020, p. 24), but questions remain about how FRM could be improved in practice if
municipalities get access to IFHAs. Without having to update official floodplain lines, for
example, governments could support flood insurance uptake in areas where there is disagreement
between GFHASs and IFHASs as a precautionary measure. Governments could also incorporate or
reference IFHAs for flood risk mitigation planning if deemed adequate for that use, such as
leveraging IFHAs that represent flood events that exceed the government’s regulatory standards
(i.e., 100-year return period). Such options are subject to future debate and consultation with

municipalities which can be informed by this study’s results.

Finally, there is an opportunity to develop a data management system that is accessible to
public and private FRM actors, and that integrates GHFAs, IFHAs and other FRM information
for tracking progress in FRM. The development of a data management system with these
characteristics could foster a greater understanding of how different sectors are contributing to
risk prevention, risk mitigation and financial recovery. For example, indicators that show an
annual decrease in the number of high-risk properties due to government risk mitigation
investments could incentivize insurers to re-evaluate their flood insurance products in affected

areas. If there are tangible benefits, whether it is through greater flood insurance availability or
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lower premiums, this can offer an additional incentive for governments to continue to invest in
risk reduction as their constituents would benefit directly. A data management system could
improve the current capacity to manage changing flood risk, which could incentivize proactive
risk mitigation for sustaining the availability and affordability of flood insurance in the long-

term.

2.7 Conclusions

International studies have noted the difficulty of accessing insurance flood models, which makes
understanding model uncertainties challenging and reduces opportunities to improve FRM by
increasing risk information transparency. This study leveraged JBA’s 2018 Canada Flood Map to
quantify residential flood exposure in three Canadian cities. This model is widely used by the
insurance industry to price flood insurance products in Canada. When compared against
government-issued floodplain areas, large differences between the number and location of
residential properties exposed to floods were observed. This analysis offers a first glimpse at
how public and private sectors view the “flood problem” differently, and it provides a foundation
for future research on data management and coordinated FRM governance for supporting

Canada’s efforts to develop a national flood insurance program.

Canada is in a unique position to learn from other countries that have decades of
experience with flood insurance, including how governments have intervened to support flood
insurance markets. Since flood insurance was introduced in Canada in 2015, there continue to be
many knowledge gaps about how the flood insurance market is operating—where flood
insurance is available, who has purchased it, and why certain high-risk populations do not have

flood insurance cover. Although answering these questions will require further research, this
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study provides a foundation for where to target a future in-depth investigation (i.e., properties in
IFHAs and GFHAs). Gaining a greater appreciation for the public’s experience with flood
insurance, particularly those who may be considered high-risk of flood by insurers, can inform
the Canadian government’s efforts for developing an appropriate solution for high-risk

homeowners who do not have adequate flood insurance coverage.

Finally, it is noteworthy to emphasize that bridging public and private silos through an
integrated data management system appears to be a promising step for strengthening flood
resilience. First, it would enable governments to correct or enhance industry flood models and
insurers’ ability to assess risk at the property-level, which could ultimately lead to a reduced
number of properties deemed as high-risk (as seen in Australia and Germany). Second,
increasing transparency about the location of high-risk properties deemed uninsurable could
incentivize governments to reduce risk, including in areas outside of designated floodplains, and
to hold insurers accountable for re-evaluating risk profiles for protected residences. Third, a data
management system accessible to governments and insurers could track progress on FRM with
common indicators (e.g., location of exposed properties, risk mitigation projects in place,
percentage of at-risk populations with flood insurance) and facilitate problem identification and
coordinated responses. Such a system could address persistent gaps in flood resilience literature
that demand better interdisciplinary integration for improving the management of flood risk in a
time of increasing economic flood damages (Morrison et al., 2018; Ran & Nedovic-Budic,

2016).
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Chapter 3
Conceptualizing and evaluating the role of a data platform

for strengthening flood risk governance

Minano A., Thistlethwaite J., Henstra D. (submitted). Conceptualizing and evaluating the role of
a data platform for strengthening flood risk governance. International Journal of Disaster Risk
Reduction

Only 18% of global flood losses experienced between 2011 and 2021 have been insured (Bevere
& Finucane, 2022). Governments are increasingly examining ways to transfer financial flood
risks to the private insurance market. Flood insurance is widely recognized as an effective
financial risk-transfer mechanism that helps societies efficiently recover from sudden and
unexpected flood losses; however, flood insurance is often unavailable to high-risk properties via
the private market. Insurers assert that access to better flood model data and sustained investment
in flood damage prevention can foster flood insurance availability and affordability as risks can
be more precisely evaluated and fewer damages result from flooding. This paper presents a
conceptual framework of a data platform designed to reduce and manage the number of high-risk
uninsurable properties through public-private data-sharing. The paper then assesses whether the
conceptual data platform has a role to play in Canada by surveying municipalities and insurance
companies. The study entailed participation of municipal officials representing 59 Canadian
cities, and insurance professionals representing 7 insurance companies. Findings confirm there is
appetite for both sectors to engage in cross-sector data-sharing and that the conceptual data
platform is perceived as a tool that could establish new forms of collaboration that can lead to
changes in flood insurance availability. Other countries experiencing insurance challenges with
high-risk properties could benefit from testing the viability of the conceptual data platform in

their context.
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3.1 Introduction

Flooding is the most common natural hazard, which is estimated to have affected two billion
people worldwide between 1998 and 2017 (CRED & UNDRR, 2020; WHO, 2022). Despite
many efforts to reduce flood impacts over the years, “losses from flood have been on an upward
trend globally and at a significantly faster pace than global GDP” (Bevere & Remondi, 2022, p.
2; Kundzewicz et al., 2014). In 2021 alone, floods caused an estimated US$82 billion in
economic losses making floods one of the most damaging natural hazards worldwide (Bevere &
Remondi, 2022; CRED & UNDRR, 2020). It is expected that flood losses will continue rising
due to population and asset growth in flood-prone areas (Bouwer, 2013; Kundzewicz et al.,
2014). Climate change impacts on sea level and precipitation are also projected to increase the

severity of flood impacts in many global regions over the next decades (IPCC, 2022a, 2022b).

The insurance industry can play a more effective role in managing growing flood losses.
Recent statistics show that “only 5% of flood losses in emerging markets were insured, and just
34% in advanced economies, pointing to the existence of large flood [insurance] protection gaps
across the world” (Bevere & Remondi, 2022, p. 11). In the absence of insured property and
assets, governments and citizens are increasingly dealing with the economic consequences
caused by flooding (OECD, 2016; PBO, 2016). International bodies, such as the United Nations,
recognize the importance of natural hazards insurance and encourage that public and private
investments become insured “in order to reduce the financial impact of disasters on Governments

and societies” (UNISDR, 2015b, p. 19).

Flood insurance is widely recognized as a mechanism that increases society’s capacity for
disaster recovery since it provides financial compensation to individuals in the event of a loss

and serves as an avenue for efficient reconstruction (Alexander et al., 2016a; OECD, 2016;
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Sayers et al., 2013). However, private flood insurance products are often unavailable for
properties considered high-risk of flooding, such as properties on coastal and river floodplains
and properties that have flooded in the past (OECD, 2016; Surminski, 2017a). It is therefore
unsurprising that flood losses have historically been uninsured because properties most
susceptible to flood damages have been excluded from the private market. Encouraging that
flood insurance becomes available to higher risk properties is a complex process that has often
entailed some arrangement between insurance companies and government agencies (FEMA,

2022; Penning-Rowsell et al., 2014; Surminski & Thieken, 2017).

The global insurance industry has identified various strategies that can promote the
widespread availability of flood insurance, including (1) improving industry flood models
through access to better data, and (2) addressing the underlying factors that perpetuate flood risk,
such as poor land use decisions and insufficient investments in flood protection infrastructure
(Bevere & Remondi, 2022; IBC, 2019). There are emerging examples where governments are
responding to these industry requests, such as by providing data to insurers for improving the
accuracy of industry flood models (Insurance Council of Australia & Floodplain Management
Australia, 2019). Pilot initiatives have also allowed municipalities to use insurance claims data
for identifying vulnerabilities in municipal flood management infrastructure (Climate-ADAPT,
2021; Praill, 2016). Nevertheless, there continues to be untapped potential in public-private
partnerships that effectively promote flood insurance availability to all properties in the short and

long-term (Bevere & Remondi, 2022; Minano et al., 2021; Surminski, 2017a).

About 7-9% of residential properties in Canada have been assessed as high-risk by the
insurance industry, and the owners of these properties would have difficulty securing flood

insurance coverage (Al-Shibeeb, 2022; IBC, 2019). This paper explores the viability of a data
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platform designed to manage the flood insurance protection gap in Canada by fostering effective
collaboration between municipalities and insurance companies. A data platform is defined as a
tool that compiles data from various sources, manages data access and sharing across
organizations, and produces analytics and visuals from shared datasets (MongoDB, 2022).
Guided by the principles of effective flood risk governance defined by Alexander et al. (2016), a
conceptual data platform is proposed to establish a shared view of the flood insurance market
among public and private actors, increase visibility of government investments in data collection
and flood protection infrastructure, and facilitate continuous collaboration towards shared goals.
The study sought input from municipalities and insurance companies using two survey
instruments to assess stakeholders’ appetite to use the proposed data platform, gauge their overall
willingness to collaborate and share resources, and identify the benefits this tool could generate
if it were to be implemented in practice, such as changes to flood insurance availability among

high-risk properties.

3.2 Governance for flood resilience

Analysts argue that current approaches to flood risk management (FRM) are insufficient to cope
with increasing flood losses and future climate uncertainty (Hegger, Driessen, Wiering, et al.,
2016). Over the last two decades, the concept of “governance for resilience” has gained the
interest of many scholars who are analyzing the “actor networks, rules, resources, discourses and
multi-level coordination mechanisms through which FRM is pursued” to identify entry-points for
improvement (Alexander et al., 2016, p. 39; Morrison et al., 2018). Governance studies have
gained momentum in FRM literature because of the notion that effective FRM is achieved
through the concerted, integrated and well-coordinated actions of traditional government
institutions and non-government actors, such as citizens, property developers, banks, insurance
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companies, and others (Alexander et al., 2016a; Hegger, Driessen, Wiering, et al., 2016;
Morrison et al., 2018; Sayers et al., 2013). Effective flood risk governance ultimately increases
flood resilience by strengthening society’s capacity to resist, recover from and adapt to flood
impacts (Alexander et al., 2016). However, encouraging participation and ensuring that actions
taken by public and private actors symbiotically increase flood resilience can be a complex
process, requiring deliberate interventions that “support integration and coordination between

different levels of governance” (Alexander et al., 2016a, p. 40; Gilissen et al., 2015).

Despite the recognition that effective flood risk governance involves multi-sectoral
collaboration, there are few studies on the development and use of frameworks and tools that
“foster collaboration, share knowledge, determine roles and responsibilities, and provide an
arena for continuous learning and policy development and evolution” (Morrison et al., 2018, p.
300). The authors add that “to advance FRM tool development...[what is] needed is greater
collaboration across the FRM research community, as well as enhanced collaboration with
practitioners” to ensure the tools developed “are integrative and flexible to local or regional
governance contexts” (Morrison et al., 2018, p. 300). This study aimed to address this gap by
developing a conceptual model of a tool that could strengthen flood risk governance and

validating this concept with feedback from FRM practitioners.

3.2.1 The role of insurance in flood risk governance

Insurance companies are an interesting group of actors to analyze in the context of integrated
flood risk governance because they are private actors who can assist governments and civil
society in building flood resilience. Insurers are widely recognized as contributors to society’s

capacity to recover from floods since they provide financial resources to policyholders to restore
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flood-damaged properties quickly and efficiently (OECD, 2016). Insurers can also increase
society’s capacity to resist and adapt to floods, such as by encouraging property owners to
proactively floodproof their properties by offering premium discounts (e.g., Botzen et al., 2010).
Yet, despite the potential for the insurance industry to play an important role in flood risk
governance, the lack of insured flood losses worldwide and limited evidence of insurers’
influence in flood risk reduction shows there is much to be desired from current flood insurance

markets (Surminski & Thieken, 2017; Swiss Re, 2019).

Experience shows that the measures needed to close the flood insurance protection gap
are not taken by insurance companies alone. One of the common limitations with private flood
insurance markets is the limited availability and affordability of flood insurance coverage for
high-risk properties (FEMA, 2022; PSC, 2020; Sandink, 2013). These high-risk or “uninsurable”
properties are those most likely to experience flood damages because they are near waterbodies
(e.g., within 100m from rivers and oceans), have a history of flooding, or have been identified as
exposed to frequent flooding by a flood model (Surminski, 2017a). Insurers argue that two main
preconditions could expand flood insurability, including: (1) improving insurers’ flood models
through access to better data, and (2) preventing and mitigating physical flood risks through
floodplain regulations and flood protection investments (Bevere & Remondi, 2022; Floodplain
Management Australia, 2015; IBC, 2019). Achieving these preconditions inevitably requires a
collaborative arrangement between insurers and governments, since the latter has access to
salient data and exercises authority over infrastructure and land use decisions (FEMA, 2022;

Floodplain Management Australia, 2015).
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3.2.2 Data-sharing partnerships

Data-sharing partnerships are arrangements in which a set of actors agree to share their data in
the pursuit of a mutual interest. Data-sharing partnerships can entail legal agreements that
establish rules for using shared datasets and can also require supporting technologies (e.g., Web
interfaces) that allow users to download and analyze shared datasets (Wernick & Olk, 2020). In
flood risk governance literature, data-sharing partnerships are referred to as “transfer
mechanisms” that enable “inter-organizational communication and other information-sharing or

exchange structures, such as shared databases or maps” (Gilissen et al., 2015, p. 16).

There are now some documented examples where government agencies and insurance
companies have partnered in data-sharing to improve the accuracy of insurers’ flood models and
property flood risk evaluations. For example, the Insurance Council of Australia established the
Property Resilience and Exposure Program (PREP) to aggregate data on flood hazards and the
built environment collected by local governments in Australia in order to generate a National
Flood Information Database for insurers to use in underwriting flood risk (Floodplain
Management Australia, 2015). Similarly, German water authorities contributed land elevation
data and local flood hazard data to the insurance industry’s national flood hazard zoning system
(ZURS) upon realizing that ZURS’ contained “[flood] maps [that] were based on a coarse
[digital elevation model] and a rough hydraulic modeling approach and did not consider
structural flood protection such as dikes” (Surminski & Thieken, 2017, p. 989). Once
government data became accessible, insurers re-evaluated property-level flood risk profiles,
reportedly leading to a reduction in the number of parcels deemed “high-risk™ and subsequent

lower flood premiums for those redesignated as lower risk. These two examples demonstrate that
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data-sharing partnerships can promote flood insurance availability and affordability by

improving the accuracy and confidence in insurers’ flood models.

In addition to facilitating the transfer of government data to insurance companies, data-
sharing partnerships can also facilitate the reverse information flow. In both Norway and
Canada, for instance, insurers transferred their flood insurance claims data to local governments
to enable them to identify areas where FRM infrastructure should be upgraded (Climate-
ADAPT, 2021; Praill, 2016). Though innovative in their approach, these types of data-sharing
partnerships are nascent often not advancing beyond their pilot launch, while their influence on

government decision-making also remains unclear.

Current evidence shows that data-sharing partnerships can alleviate insurability issues in
high-risk areas by helping insurers better evaluate property flood risks. However, there is a
considerable research opportunity to explore other applications of data-sharing partnerships for
building resilience that could also be conducive to closing the flood insurance protection gap.
For example, evaluating the use of industry flood maps in land use planning to prevent the
construction of more high-risk uninsurable properties. At the same time, research on public-
private data-sharing is likely to come with roadblocks given documented concerns with data-
sharing, such as data confidentiality, commercial sensitivities, and data privacy restrictions

(O’Hare et al., 2016).

3.3 A data platform for strengthening flood resilience

As mentioned, recent reviews revealed that flood risk governance literature lacks research on
frameworks and tools that facilitate knowledge-sharing, organize institutions and available

resources, and foster cross-sector collaboration in ways that strengthen flood resilience
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(Morrison et al., 2018). Reviews have also found a lack of research that integrates different
disciplines pertaining to FRM, such as social, scientific, and technical (McClymont et al., 2019;
Morrison et al., 2018). These literature gaps present an opportunity to explore the role that
government-insurer data-sharing tools could have in building flood resilience and how these

tools could be designed to fulfill this objective.

Data platforms are tools that integrate data from various sources, facilitate data-sharing
across organizations, and derive novel insights from shared datasets (MongoDB, 2022). In the
context of flood resilience, a data platform could be used to aggregate data produced by multiple
government agencies in a central repository and facilitate its transfer to insurance companies
(e.g., such as in Australia’s PREP program). However, data platforms can store other types of
data and facilitate other types of data-exchange, such as by enabling the dynamic exchange of

data between governments and insurers and vice versa.

A data platform is conceptualized here as a tool that assists governments and insurers
improve flood insurance availability and affordability, increase uptake of flood insurance, and
maintain an acceptable level of physical flood risk through data-exchange (Figure I11-1). Inspired
by past data-sharing partnerships (e.g., Australia and Germany), the data platform presented aims
to facilitate the transfer of government data to insurers to improve the accuracy and confidence
of industry flood models. However, this conceptual data platform expands on these capabilities
by drawing guidance from Alexander et al. (2016)’s flood risk governance evaluation
framework. Alexander et al.’s framework is particularly useful for conceptualizing the data
platform because this framework helps identify the types of cross-sectoral interactions the data
platform could facilitate for strengthening flood resilience in a legitimate and resource-efficient

manner.
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(a)

Insurance company: Government agency:

Data platform

Insurance company: Government agencya

——

Data exchange

 C—

——

Data exchange

 C—

Centrally collects,

stores, manages

data from all parties

Insurance companyn Government agencyn

(b)

Core features of data
platform

Technical role of data
platform

Processes targeted by
the data platform

Intended outcomes facilitated by the data platform

(1) Provide government
officials a platform to
share their flood data
with insurers (e.g.,
LiDAR data, flood
protections, flood
proofed properties)

Collects, stores, and
manages government
data in a central data
repository

Flood modelling and
property risk evaluation
processes used for
insurance purposes

Flood insurance
underwriting and risk
pricing

Increases visibility of available data resources and promotes re-use of
available government data among insurance companies (legitimacy,
resource efficiency)

Improves accuracy of insurers’ property flood risk assessments,
potentially leading to fewer properties considered high-risk and
uninsurable, lower premiums (capacity to recover)

(2) Provide government
officials a platform to
use insurance flood
data (e.g., industry
flood maps, high-risk
areas identified by
insurers, water
damage claims,
industry flood maps
that capture climate
change scenarios)

Collects, stores, and
manages insurance data
in a central data repository

Land use planning and
floodplain regulations

Flood protection
infrastructure plans,
such as for new
construction projects or
for upgrading existing
infrastructure

Increases understanding of properties and areas the whole insurance
industry tends to classify as high-risk and uninsurable (legitimacy)

Creates opportunities for governments to challenge insurers’ flood risk
analyses if these are perceived/found to be inaccurate (legitimacy)

Creates opportunities for governments to reflect insurers’ FRM data
and insights in land use and flood infrastructure, and potentially identify
flood-prone areas that were previously unaccounted for (capacity to
resist, capacity to adapt)

(3) Provide a platform for
governments to share
updates in FRM with
insurers

Collects and aggregates
updates from
governments to provide a
national view of updates to
insurers

Insurance policy renewal
processes (e.g., annual
policy renewals)

Increases visibility among insurers of recent FRM actions taken by
governments, such as new flood protection infrastructure, new flood
data produced over the last year (resource efficiency)

Encourages insurers to reflect recent changes in FRM in insurance
policy renewal cycles (e.g., new flood protection infrastructure),
potentially reducing premiums for areas recently protected from flood
impacts (capacity to recover)
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Encourages governments to continuously prioritize preventative FRM,
particularly if their investments lead to changes in flood insurability
(capacity to resist)

(4)

Provide a platform for
insurers to suggest
changes and
improvements in FRM
to governments

Collects and aggregates
suggestions from
insurance companies to
provide a national, state,
or local view of suggested
FRM improvements

Local and upper-level
government FRM plans,
programs, projects, and
policies

Allows insurance companies to provide suggestions on what measures
could be taken to alleviate flood insurability issues further (resource
efficiency)

Encourages governments to make periodic modifications to FRM
plans, programs, and policies given insurers’ suggestions on which
FRM measures could further promote flood insurability (capacity to
adapt)

©)

Provide a platform
where government
officials can track
progress in FRM
using a set of
common indicators
(e.g., properties
insured for flooding,
high-risk properties)

Given that government
and insurance data is
centrally stored, the data
platform can compute
“resilience” indicators for
tracking progress in FRM,
and comparing progress
between jurisdictions

Local and upper-level
government FRM plans,
programs, projects, and
policies

Increases visibility among government officials about the regions and
communities experiencing the highest rate of high-risk uninsurable
properties, lowest rates of insured households for flooding (legitimacy)

Increases visibility of jurisdictions that are permeating flood risk, such
as by continuing to allow construction on floodplains (legitimacy)

Allows government officials across all levels to monitor changes in
FRM and the flood insurance market and allocate resources more
effectively (resource efficiency, capacity to adapt)

(6)

Provide insurers a
platform to view
industry-wide
statistics on the flood
insurance market
(e.g., number of
properties insured for
flood, number of high-
risk uninsurable
properties)

Given that insurance data
is centrally stored, the
data platform can provide
industry-wide insights on
the evolving nature of the
flood insurance market

Insurers and industry
associations’ policy
positions and discussion
papers

Establishes a consistent understanding of flood insurability issues
among insurance companies (e.g., number of high-risk uninsurable
properties) (legitimacy)

Promotes policy position papers, discussions and debates are based
on the same understanding of the flood insurance market and its
limitations (legitimacy)

Figure I11-1. A framework of a data platform for strengthening flood resilience through governance integration. Where (a) visualizes

the flow of data between many insurance companies and many government agencies facilitated by the data platform. And (b) outlines

the main features of the data platform and how these features are designed to strengthen the ability for flood risk governance to

increase flood resilience (i.e., capacity to resist, recover and adapt to flooding), legitimacy, and resource efficiency.
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Guided by Alexander et al.’s framework, the data platform is designed to foster cross-
sector interactions that enhance flood resilience in three ways. First, to enhance capacity to resist
flooding, the data platform provides government agencies’ access to industry flood maps and
claims data that can inform flood infrastructure plans and land use decisions. Second, to increase
capacity to recover from flooding, the data platform increases visibility of flood infrastructure
projects among insurers to encourage this information leads to immediate changes in flood
insurance availability and pricing. Third, to increase capacity to adapt to flooding, the data
platform allows governments to monitor changes in the flood insurance market, access
alternative flood maps and adjust FRM plans on an ongoing basis considering new information.
Finally, the data platform is also designed to enhance legitimacy in decision-making through
information transparency and resource efficiency by encouraging the re-use and re-purposing of

available data resources in the public and private sectors.

In summary, the data platform conceptualized here could assist in reducing the number of
high-risk uninsurable properties while also maintaining an acceptable level of physical flood risk

that could promote that flood insurance remains available and affordable in the long-term.

3.4 Evaluating the viability of a data platform in Canada

3.4.1 Study objectives

The proposed data platform is administratively and technically complex to implement. It requires
that public and private actors recognize the utility of the data platform for FRM, be willing to
partner with each other in data-sharing and contribute time and resources to this initiative. As

such, the objective of this study is to evaluate whether the conceptual data platform has a role to
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play and is a viable tool for strengthening flood risk governance in Canada. There are four

reasons why Canada is a suitable case study for this analysis:

(1) Floods are causing increasing economic damages, which are expected to worsen in
the future. Recent flood events have caused some of the greatest economic impacts due
to natural disasters in Canadian history (Haney, 2017; PBO, 2016). In reaction to this
trend, federal funding programs have been launched to improve flood risk identification
and flood damage prevention (P. S. Canada, 2018). However, there continue to be calls to
further strengthen flood resilience in Canada (FCM, 2022).

(2) Canadian flood risk governance is fragmented. Canada is a federal state where
responsibilities for fluvial, pluvial, and coastal FRM are fragmented across the federal,
provincial and municipal levels of government and no single agency oversees FRM
holistically. Data on flood hazards and the built environment (e.g., FRM infrastructure,
building footprints) is scattered across numerous government data repositories that
exhibit varying degrees of completeness and quality (Henstra et al., 2019). The insurance
industry has its own sets of national flood maps sourced from third-party modelling
agencies; and these flood maps differ from regulatory and publicly-accessible flood maps
(Minano et al., 2021).

(3) The private flood insurance market has limitations. Insurers began offering residential
overland flood insurance in 2015, but it remains unavailable to a broad swath of high-risk
properties. Industry estimates indicate that 7-9% of the housing stock—up to 1 million
properties—is at high-risk of flooding (IBC, 2019). This proportion of high-risk
properties has remained virtually unchanged since 2015, and, in 2022, an industry

spokesperson stated that both flood insurance premiums and the number of high-risk
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properties are expected to increase given that “Canada is becoming a riskier place to
insure” and because “municipalities across Canada continue to allow development in
floodplains” (Al-Shibeeb, 2022; Calamai & Minano, 2017). A national task force was
established in 2020 specifically to identify options to “protect homeowners who are at
high risk of flooding and don’t have adequate insurance protection” (P. S. Canada, 2020).
(4) Past attempts to establish government-insurer data-sharing. In 2014, the Insurance
Bureau of Canada (IBC), a national industry association representing property insurers,
launched the Municipal Risk Assessment Tool (MRAT)—a spatial data management
system that allowed municipal engineers find vulnerabilities in municipal FRM
infrastructure by analyzing insurance claims data among other climate change forecasting
data (Praill, 2016). Though commended for its novelty, MRAT ceased to exist following
its pilot launch. A 2020 report supported by IBC re-ignited the idea of a cross-sector data-
sharing partnership by proposing the establishment of a Centre designed to increase
municipal capacity to mitigate risks from flooding and climate change by providing

municipalities access to other sectors’ data and decision support tools (CWN, 2020).

Analyzing the conceptual data platform is timely because Canadian governments and
insurers are seeking solutions for high-risk uninsurable properties and recent discussions have

included the idea of a cross-sectoral data-sharing for improving FRM.

3.4.2 Study methods

To assess the viability of a data platform in Canada, two survey instruments were created to poll

government officials and insurance professionals on: (1) their interest in accessing data from the
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other sector, (2) their willingness to contribute data to the platform, and (3) perceived strengths

and weaknesses of the data platform and its role in FRM.

For this initial round of consultations, this study specifically focused on the perspectives
of property insurance companies with operations in Canada and local (i.e., municipal)
government officials. Gauging municipal views on the data platform is important because local
governments are often custodians of detailed data about their communities that could be of
benefit to insurers (FMA, 2022; Henstra et al., 2019). Municipalities are also responsible for
important aspects of FRM, such as river and coastal floodplain delineation and mapping,
floodplain development regulations, stormwater management, and property-level flood-proofing
policies and programs. They also manage river and coastal flood protection infrastructure which
prevent and reduce physical flood risks in high-risk areas. Municipalities could benefit from a
data platform, particularly if this tool helps them access new information and resources for

advancing local flood resilience efforts.

The next three sections describe the study methods, including participant selection,

survey design, and survey administration.

Participant selection

Municipal officials

Canada has over 5,000 municipalities but most of its population resides in urban centers
(Government of Canada, 2017, 2022c). In addition to being population and infrastructure hubs,

cities have also experienced severe flooding in recent years and they are exposed to flood

hazards caused by river overflow, heavy rainfall, storm surges, and ice jams (PBO, 2016;
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Sandink, 2013). Therefore, this study targeted municipalities classified as incorporated cities?,
which included all cities across nine provinces totaling to 166 municipalities (Figure 111-2).
According to the 2021 census, these 166 cities are home to 19.7 million people, representing
more than half of Canada’s population of 36 million (53%) and nearly 70% of the population in
the nine provinces ; Government of Canada, 2022b). Appendix A lists the 166 cities whose
participation was requested for the study. Quebec was the only province not targeted for this

study due to the researchers’ limitations in translating the survey to French.

2 Municipalities categorized as “cities” by Statistics Canada (Government of Canada, 2019). For the

Province of Nova Scotia which does not have “cities”, “regional municipalities” were selected instead

since these are the closest equivalent.
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Figure 111-2. Map of selected cities. Map contains information licensed under the Open
Government License — Canada (Government of Canada, 2022d). Basemap sources: Esri and

partners.

With the list of 166 cities, it was then possible to identify municipal government
representatives for each city. Municipal directors and managers with duties in engineering,
public works, and planning departments were targeted for the survey, on the logic that they
would be most familiar with their city’s efforts in various aspects related to FRM (e.g.,
stormwater management, infrastructure maintenance). It was also assumed that these municipal
officials and/or staff they supervise could be users of a data platform if it were to be
implemented. Email addresses for municipal staff were gathered from public government

websites, and this contact information was found for nearly all directors and managers in the
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departments of interest. If the contact information was unavailable for an employee in these
departments, the email address of the city manager or Chief Administrative Officer was recorded

instead.

Insurance industry representatives

Insurance industry representatives were recruited through existing professional networks
of the researchers and through a presentation at a meeting organized by IBC of insurance
professionals in December 2021. Via these two approaches, the contact information for insurance
industry representatives of 12 companies were collected. Senior staff in insurance companies
were targeted, such as managers, directors, and vice presidents, who have knowledge of flood
insurance products and how these products are developed by their company (i.e., data used for
pricing flood risk). The sample was deemed sufficient since only 16 insurance companies offer

residential flood insurance products in Canada (IBC, 2019).

Survey design

Two surveys were created, one for municipal officials and the other for insurance representatives
(Appendix B). Each survey comprised 22 questions, most being multiple-choice. The survey
instrument for municipal officials contained six open-ended questions and the survey to
insurance representatives contained five open-ended questions. Many of the multiple-choice
questions employed a Likert scale to capture respondent preferences (e.g., from very desirable to

very undesirable).

Despite targeting different stakeholder groups, the core objective of both surveys was the
same: to assess the viability of a data platform for strengthening flood risk governance in

Canada. To this end, the survey questions were designed to gather stakeholder perspectives on:
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(1) their interest in and willingness to participate in FRM data exchange, and (2) their views on

the conceptual data platform, its features, and its potential role in FRM.

To ensure participants understood the concept, both surveys described the data platform
as a “a platform designed to manage and visualize flood risk data owned by a range of public and
private organizations”. Participants were also informed about the features of the proposed data
platform (Figure 111-1) and were asked to rate the desirability of these features. For example, the
survey to insurers used a 5-point Likert scale to ask if it was “desirable” for the data platform to
allow their company to “share information with governments about areas and properties at high-
risk of flood”. Similarly, the other survey used the same 5-point Likert scale to ask municipal
officials if it was “desirable” for the data platform to show them the “location of high-risk areas

that insurance companies have identified”.

With this background, municipal and insurance industry respondents were asked to
reflect on the conceptual data platform and the role they perceive it playing in FRM. Low
willingness to participate in data-sharing and a lack of interest in the conceptual data platform

would demonstrate that the data platform is not a viable solution for Canada.

Survey administration

Both surveys were administered using Qualtrics, a cloud-based software to deploy surveys
electronically and securely. Qualtrics was used to invite participants by email to complete the
survey, create a personalized survey link for each participant, collect survey responses, track

completed surveys, and send reminder emails.

The municipal survey was administered first, with email invitations sent between July 6,

2021 to September 30, 2021. This email included a personalized link to complete the survey as
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well as materials describing the background of the study and the study consent form. Participants
were encouraged to work with other city staff to complete the survey because responsibilities for
FRM are often distributed among several staff in municipalities (e.g., planning department
administers land regulations on floodplains while public works focuses on stormwater
management). Participants were also encouraged to contact the researcher if they were not the
most suitable representative to answer the survey questions, whereupon they could recommend a

better contact.

Following the survey data collection from municipal officials, the second survey was
administered to insurance representatives via email. This email included background information
on the study, the study consent form, and a personalized link to complete the survey. Insurance
representatives were also encouraged to collaborate with other employees if they were unsure of
their answers or to suggest a better suited representative of their company to participate in this
study. The data collection period for the second survey occurred between December 15, 2021

and February 8, 2022.

3.5 Results

3.5.1 Survey respondents

By the end of the survey data collection period, government representatives from 59 of the 166
cities targeted for this study had completed the survey (35% response rate) (Table 111-1). There

was at least one survey response for each of the nine provinces.
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Table I111-1. Number of cities that completed the survey

Province Number of cities Number of cities that
targeted for this study completed the survey
Alberta 19 6
British Columbia 53 19
Manitoba 10 3
New Brunswick 8 3
Newfoundland and Labrador 3 2
Ontario 52 18
Prince Edward Island 2 1
Saskatchewan 15 (+ 2 cities shared with
Alberta and Manitoba)* 5
Nova Scotia 4 2
Total 166 59

*City of Flin Flon shares territory with Manitoba and Saskatchewan; City of LIoydminster shares territory
with Alberta and Saskatchewan.

Approximately 11.3 million people live in these 59 cities, representing 30% of Canada’s
national population and 40% of the population in the nine provinces. The participating cities
varied in population size: whereas 22 were large cities (i.e., 100,000 or more people), 17 were
mid-sized cities (i.e., between 30,000 to 99,999 people), and 20 were small cities (i.e., between

1,000 to 29,999 people).

Municipal officials who completed the survey varied in their professional training and
duties. Most government respondents (40/59; 68%) had professional duties related to public
works, engineering, and/or utilities. The remaining 19 had varying duties related to FRM,
including municipal planning and growth management, climate change and sustainability,

municipal risk management and insurance, and public safety and emergency services.

Out of the 12 insurance companies targeted for this study, representatives from seven
completed the survey (58% response rate). Insurance survey respondents generally held senior

positions (e.g., managers, directors) and specialized in relevant fields (e.g., actuarial science,
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personal insurance, hazards modelling). All insurance companies involved in this study

confirmed they sell residential flood insurance products in Canada.

3.5.2 Survey responses

The survey responses demonstrated a mutual interest to participate in cross-sector data-sharing
for improving FRM. Representatives of both sectors generally supported the development of the
data platform but also highlighted potential implementation issues that urge careful reflection.

The following three sections describe these findings in detail.

Interest in data-sharing

Result #1: Insurers are willing to share data that could improve municipal capacity to manage

flood risks

The survey results confirmed that only 6 municipal officials (6/59; 10%) have access to flood
insurance data or information, such as industry flood hazard maps, and neighborhoods and postal
codes that the insurance industry considers high-risk. This result confirms that it is rare for

Canadian municipal officials to have access to any flood insurance data or information.

Although flood insurance information is largely unavailable to municipalities, most
municipal officials believed that flood insurance information could improve their municipality’s
FRM efforts (Figure 111-3). Of 59 municipal officials, 50 (85%) believed flood insurance

information would “probably” or “definitely” improve their municipality’s FRM efforts.
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Insurance information municipal officials believe would improve their
municipality's flood risk management efforts

(e.g., resources allocation, informing decisions, program development)

Number of municipal officials
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Figure 111-3. Insurance information municipal officials believe would improve their
municipality’s flood risk management efforts. Datasets highlighted with asterisks (*) indicate
that at least one insurance company is willing to provide government officials access to this

dataset

Municipal officials were primarily interested in the insurance industry’s pluvial flood
hazard maps (41/59; 70%), and neighborhoods and postal codes that the insurance industry
considers high-risk for flooding (41/59; 70%). When asked which data they would be willing to
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share with government officials, three insurance representatives (3/7; 43%) reported willingness
to share some of these data that are of interest to municipalities (highlighted with asterisks in
Figure 111-3). Two insurance representatives were willing to provide government officials access
to data on properties their company has assessed as high-risk of flood. A third insurance
representative was willing to provide data on uptake of flood insurance coverage, such as
statistics on insurance policies insured for flood damages. However, no insurer was willing to
provide government officials access to spatial data used by their company, such as flood hazard

Z0nes.

Result #2: Municipalities are willing to share data that could improve insurers capacity to

evaluate flood risks to a certain degree

Insurance respondents highlighted datasets that could improve their ability to evaluate property
flood risk, such as by calibrating flood models and reducing uncertainty in their understanding of
flood risk. Municipal officials reported having access to some of these data and, in some cases,
were willing to share them with insurers. Figure 111-4 lists the datasets municipal officials are
willing to share with insurers which are the same datasets most insurers (at least 5/7; 71+%)

indicated would improve their ability to evaluate property flood risk.
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Data municipal officials are willing to share with the insurance industry to inform
their flood risk analyses

(e.g., for calibrating flood models, assessing property-level flood risk, calculating flood insurance
premiums)

Number of municipal officials

20 30 40 50 60

o
[EEN
o

Digital topography data of your municipality (e.g., LIDAR
Digital Elevation Models)

35 18 6

Historical river gauge records for your municipality 27 17 15

Historical rainfall records for your municipality 33 18 8

Historical tidal gauge records for your municipality 10 41

Places in your municipality where flooding has occurred in

the past (e.g., spatial extent of historical floods)
Places that are regulated/designated floodplains in your 25 13
municipality (e.g., spatial extent of regulatory flood)
Places that are protected from flooding in your municipality -

(e.g., due to levees) 10 7 42

Properties that are flood-proofed because of municipal
floodplain regulations (e.g., properties with raised 7 48
foundations)

Properties that have been part of municipal flood-proofing
programs (e.g., sump pump subsidy programs)

B

11 44

m Data is available and city is willing to share this data with insurers
Data is available and city is not willing to share this data with insurers

City does not have access to this data

Figure I111-4. Data municipal officials are willing to share with the insurance industry to inform

their flood risk analyses

Most municipal officials were willing to share some, but not all, their datasets with the
insurance industry as only 12 municipal officials (12/59; 20%) were willing to share all their

datasets. When available to them, municipal officials were generally willing to share digital
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topography data (35/53; 66%), historical river gauge (27/44; 61%) and rainfall records (33/51;
65%), and data on places that are protected from flooding (e.g., due to levees) (10/17; 59%).
Municipal officials were less inclined to share data about where flooding has occurred in the past
(11/38; 29%), as well as property-specific information, including information on properties that
have been flood-proofed through municipal programs (4/15; 27%) and building design

regulations (4/11; 36%).

In summary, though there is reluctance to share certain data, the survey results
demonstrate there is mutual interest to participate in cross-sectoral data-sharing for improving
FRM. Survey results show that datasets one sector is interested in gaining access to, the other
sector is capable and willing to provide, such as data on high-risk areas identified by insurers.
The following section discusses additional participants’ views on the conceptual platform to

exchange FRM data.

Participant views on data platform

Result #3: Both sectors favor the data platform

Except for a few, participants generally did not have strong reservations against the proposed
data platform (Figure 111-5). For example, of the 59 municipal officials, 32 (54%) indicated that
they would be “extremely likely” or “likely” to use the data platform for informing municipal
FRM efforts. Four municipal officials (7%) indicated they were “unlikely” or “extremely
unlikely” to use the data platform, while the remaining 23 municipal officials (39%) were
neutral. Similarly, out of the seven insurance representatives, only one representative had strong
reservations with the proposed data platform explaining: “I believe most insurers offering flood

insurance are not that interested in governments data (governments flood maps are seen as
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obsolete, non uniform, political and biased, etc.) and would therefore not act on it in any way. If
the question referred to benefits for the governments assuming insurance companies shared their
data as well (high risk areas, etc.), then I believe there are potential benefits, but | have strong

[reservations].”

(a) Data platform features of interest to municipal officials

Number of municipal officials
20 30 40 50 60

34 Y |

39 s fi

26 7] |

22 7] |

29 10 1

32 16 1
24 26 ] |

[y
o

My municipality can share its flood modelling data and/or
raise awareness of its existence to the insurance industry
(e.g., LIDAR data, flood protections)

[y
w

Insurance companies can use the data my municipality
shares when assessing property-level flood risks

Year after year, my municipality can see how many
properties are insured for flood

l O
©

N
(6)]

My municipality can see, year after year, how flood
insurance prices are changing

N
©

My municipality can see the location of high-risk areas that
insurance companies have identified

My municipality can see how its progress in flood risk
management compares to other municipalities

Upper levels of government can see the actions being taken
by my municipality to manage local flood risks

m \ery desirable Desirable Neutral Undesirable  ®mVery undesirable

72



(b) Data platform features of interest to insurance representatives

Number of insurance representatives

0 1 2 3 4 5 6
My company can share information with governments about 4 1 1 1
areas and properties at high risk of flood
My company can share information with governments about
historical water damage claims - : 2 1

Year after year, my company can see which properties have
participated in government flood-proofing programs

Year after year, my company can see where flood protection _ 1 3
upgrades have been made
My company can receive updates about new flood model _ 1 2
data created by governments (e.g., LIDAR topography data)
My company can see industry-wide statistics on the number _ 5 9
of insured properties for flood damages

My company can see industry-wide statistics on the number
of high-risk, uninsurable properties

m \ery desirable Desirable Neutral Undesirable mVery undesirable N/A

Figure 111-5. Data platform features of interest to study participants in the public and private

sectors.

Result #4: The data platform is perceived as a tool that could increase municipal capacity to

identify and manage flood risk

Municipal officials perceived insurance flood data could be used to inform flood risk
mitigation investments and floodplain regulations and zoning (39/59; 66%). One municipal
official suggested the data platform would provide “the ability to identify problem areas and

determine where infrastructure investments need to be prioritized” while another added that the



“[the data platform] would validate our zoning (conservation areas) and not-constructible
[land].” One of the few municipal officials who already had access to insurance flood data
(specifically, “insurance industry risks codes at a postal code scale”), recommended that it
“would be beneficial for other municipalities [to access these data as well], including data from
more than one insurance company”. Insurers agreed indicating a data platform would help
government officials “better understand zones where insurance costs are unaffordable or
unavailable due to level of risk” and “gain an understanding of the current protection gap, and

flood mitigation needs.”

Municipal respondents indicated the data platform could help them gain political support,
coordinate and access resources from upper levels of government. For example, one suggested
the data platform could help “coordinate flood mitigation efforts between different levels of
government and different agencies”, while another two added the platform could help in “public
and political education” such as for gaining support for flood protection works. Others indicated
that by centralizing FRM data into one system, the data platform could help “avoiding
redundancy of data production”, and it would offer an “easier one-stop and streamlined access to
data”. In these ways, the data platform could help overcome two common barriers experienced
when implementing municipal FRM plans, namely: (1) a lack of support from upper levels of
government (e.g., information, financial resources, policy direction) (34/59; 58%) and (2) a lack
of resources to implement initiatives or changes (e.g., data, expertise, financial resources) (33/59;

56%).
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Result #5: The data platform is perceived as a tool that could increase insurers’ capacity to

evaluate flood risk which could therefore influence flood insurance availability

Most insurance representatives (5/7; 71%) perceived it is “very probable” or “somewhat
probable” the data platform would (1) increase confidence in their company’s flood risk
assessments, (2) create efficiencies in the evaluation of flood risks conducted by their company,
and (3) promote fair competition between insurance companies (Figure 111-6). Insurers admitted
the flood models they use, third-party or internal, have data limitations. For example, one
participant explained data platform could benefit their company by providing “easily accessible
information on flood mitigation measures across Canada [which] would allow [their company] to
reflect their effect in our pricing in a more accurate and timely manner.” Another representative
similarly explained the data platform would “supplement [their company’s] claims and

geographical data to better assess flood risk™.
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Perceived impacts of data platform reported by insurance representatives

Number of insurance representatives

o
=

2 3 4 5 6

~

Increase flood insurance premiums offered by your company - 4 - 1
1 1

Decrease flood insurance premiums offered by your company

Change where your company offers flood insurance (e.g.,
high-risk postal codes)

4
Increase understanding of areas protected from flooding (e.g., _

Increase confidence in your company's flood risk assessments 8 1 1
e 1 2 1
due to flood protection infrastructure)
Promote fair competition between insurance companies _ 3 2
Create efficiencies in the evaluation of flood risks conducted
by your company - i 1 L
Align public and private efforts in managing the flood _ 2 3
insurance gap in Canada
m Very probable Somewhat probable Neutral Somewhat improbable  ®Very improbable N/A

Figure 111-6. Perceived impacts of a data platform reported by insurance representatives

Most insurers acknowledged that business decisions regarding flood insurance, such as
premium setting, do not “always” factor community- and property-level flood protections. Four
insurance representatives indicated they were “moderately confident” that the flood insurance
products offered by their company were accurately priced, while a fifth respondent was
“somewhat confident”. These answers demonstrate there is an opportunity for the data platform

to improve insurers’ flood models.

The survey results suggest that the data platform could impact the availability of flood

insurance. For example, four insurance representatives (4/7; 57%) indicated it is “very probable”
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or “somewhat probable” the data platform would change the locations where their company
offers flood insurance, such as high-risk postal codes (see Figure 111-6). One responded
elaborated, “more information regarding flood risk would give us a more precise assessment for
each location and therefore would allow us to offer the coverage to more customers.”, suggesting
that flood insurance could become more available because of the data platform. Interestingly,
one municipality shared they had approached IBC in the past “to determine if insurance rates
could be reduced as a result of our infrastructure investments (re sanitary sewer & pluvial
risks)”’; however, thus far, these efforts were unsuccessful because “IBC has no influence on
[insurers’] pricing and so we have to wait for changes in flood history to influence rates”. This
finding is further evidence that the data platform ought to directly deal with insurance companies
who have authority over risk underwriting. At this time, it appears the data platform could
improve availability of flood insurance as insurers become better equipped to precisely identify

flood risk; however, there is less evidence to suggest it would decrease flood premiums.

Drawbacks with cross-sectoral data-sharing and future considerations

Result #6: Despite benefits, participants also identified drawbacks with the conceptual data

platform that urge careful reflection

Participants from both sectors raised some concerns about the data platform that urge careful
consideration for the data platform design and implementation. Among the municipal officials,
30 of 59 participants raised concerns with the data platform, including: data quality issues; data
licensing, ownership and privacy issues; costs of platform implementation and maintenance; and
concerns regarding raised premiums and loss in insurance coverage for residents. Insurers had

similar concerns as municipalities, such as legal and intellectual property issues, costs of
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platform implementation and maintenance, data privacy considerations for insurance customers.
One added that “caution should be given to how the data would be shared between competing
insurers.”, and another stated that there could be “loss of competitive advantage by sharing

internal risk assessment.”

Participants from both sectors had ideas about how to overcome these issues. One
municipal official asserted the “data [provided by the platform] would need to be properly
interpreted...[because] it could then become a burden for local government staff to explain the
data source and proper use of data”. Another municipal official with existing access to flood
insurance data suggested the data platform should steer away from “too much data, fancy
interfaces but not very useful outputs” to prevent mistakes made in the past and specifically
referenced MRAT—a tool launched by IBC in 2014 but was discontinued following its pilot
stage. They cautioned that the insurance flood data they use has limitations and that it is suitable
for “good for high level screening risks if no other hazard modelling exists”. To establish legal
terms surrounding shared data, one insurer suggested “to work through a third party to ensure
anonymity” and another commented that a governing framework was needed to “to clarify how

the information could be used and shared later”. These suggestions warrant future investigation.

3.6 Discussion and conclusions

This study demonstrated that Canadian municipal officials and insurers support a data platform
as a tool to foster collaboration that enhances flood resilience, legitimacy, and resource
efficiency. Municipal officials regarded the platform as a tool to target flood mitigation
investments in high-risk areas that insurers have identified. They also regarded the data platform

as a vehicle to access resources and political support needed to implement flood risk mitigation
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works, including from higher-level governments. Furthermore, insurers acknowledged that their
flood risk analyses could be improved by accessing municipal data on flood defences and other
structural measures. They indicated that a data exchange platform could increase their
understanding of areas protected from floods, which would influence decisions about flood
insurance availability and pricing. Ultimately, the survey findings confirmed that a data platform

is a viable solution that should be explored further.

This study also contributed to FRM-related literature by exploring the viability of a tool
that could improve flood risk governance. This study employed a novel use of Alexander et al.
(2016)’s flood risk governance evaluation framework to first identify entry-points for
governance improvement which could then be used to conceptualize a data platform for
strengthening flood risk governance. Alexander et al.’s framework was useful to identify specific
inter- and intra-sectoral interactions that the data platform could foster for increasing flood
resilience, legitimacy, and resource efficiency. The conceptual data platform proposed could be
evaluated in other international contexts particularly for nations looking to establish
collaborative arrangements between government agencies and insurance companies for

holistically increasing flood resilience.

A potential next step for this research is a technical prototype of the data platform,
equipped with core features identified as desirable by FRM stakeholders. A technical proof of
concept could determine whether the data platform in fact produces the perceived benefits
reported in the survey, such as increased public investments in flood protection in high-risk areas
identified by insurers, as well as fewer high-risk uninsurable properties. Finally, future studies
could explore the idea of a third-party manager to oversee the platform and administer a legal

framework that addresses data quality and other concerns expressed by participants.
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Chapter 4
Evaluating a public-private data-sharing platform for

improving flood insurance availability and affordability

Minano A., Thistlethwaite J., Henstra D. (submitted). Evaluating a public-private data-sharing
platform for improving flood insurance availability and affordability. Journal of Regional

Environmental Change.

Data is an important resource for public and private sector agencies who manage flood risk.
Insurance companies use various types of data to assess, categorize and price a property’s flood
risk, including flood hazard areas and property-specific characteristics. Government agencies,
such as municipalities, also use data to identify flood-prone areas and make decisions that
prevent and mitigate property flood damages, such as development restrictions and infrastructure
upgrades. In a time of rising economic flood damages and future climate risk uncertainties, there
are increasing calls to foster flood risk governance integration “through information transfer,
coordination, and cooperation” (Gilissen et al., 2016, p. 12). This study presents the Resilience
Bridge Platform ("RB Platform")—a data platform designed to facilitate the exchange of flood
risk and resilience data between insurers and Canadian municipal officials. Senior staff and
executives in both sectors evaluated the RB Platform and weighed in on the Platform’s ability to
foster cross-sector collaboration and drive actions that could reduce the number of high-risk
“uninsurable” properties. The study discusses the strengths, weaknesses and lessons learned from
the evaluation of the RB Platform as a tool to foster integrated governance for effective flood

risk management.
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4.1 Introduction

In the pursuit of effective flood risk management (FRM), data has become a resource of
significant importance for FRM actors (Bernhofen et al., 2022). Various types of data are used
for FRM, such as for flood prediction and forecasting, land use policy, infrastructure planning,
emergency management and public education (Der Sarkissian et al., 2022; Henstra et al., 2019).
For example, LiDAR elevation data is highly sought after by flood modelers to produce accurate
estimations of where flooding is most likely to occur (Hooijer & Vernimmen, 2021). Other data
such as historical rainfall records, and data on past flood events (e.g., photographs, flooded
neighborhoods) are important resources to calibrate and validate flood models and ensure their
predictions are accurate and reliable for decision-making (Kutija et al., 2014). The quality of
flood model data inputs and outputs can have societal implications, because decision-makers rely
on flood hazard data to regulate development and to plan for emergencies (Stevens & Hanschka,

2014; Thapa et al., 2019).

Data are also important for private sector actors, such as insurance companies, which
assess a property’s flood risk by predicting the likelihood of experiencing a flood and estimating
potential loss (Ambiental, 2023). Insurers leverage a suite of data to assess a property’s flood
risk, such as flood models, spatial statistics (e.g., distance between the property and a river),
building footprints and property-specific characteristics (JBA, 2018; Surminski, 2017a). Using
these data, insurers make pricing and underwriting decisions, including whether to refuse flood
coverage for a property whose flood risk is deemed intolerably high and is therefore
“uninsurable” (Calamai & Minano, 2017; Hodgson, 2022). Responding to this demand for flood
prediction tools, there are many firms that produce flood models and tools specifically designed

to meet the needs of the insurance industry. Meanwhile, governments also use models to assess
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flood hazards, but these can differ from models used by industry in terms of their scale of
analysis (e.g., global and national-level) and their outputs, such that there are differences in the
areas and properties that private models identify as flood-prone versus those identified by

government agencies (Minano et al., 2021).

In light of growing flood losses and projections of greater flooding due to climate change,
there have been numerous calls across sectors to change current approaches to FRM
(McClymont et al., 2019; United Nations, 2015). In particular, there is a recognition of the need
for public-private data-sharing partnerships, the co-production of knowledge, and “bridging
mechanisms” to “support [governance] integration and coordination” as necessary steps to
strengthen FRM (Alexander et al., 2016a, p. 40; LGNZ, 2022; Public Safety Canada, 2022). For
example, a recent Swiss Re report stated, “there should be more effort to improve
communication of the flood risk realities of different locations within the [insurance] industry,
governments and agencies, to help design more effective [risk] mitigation plans” (Bevere &

Remondi, 2022, p. 24).

Recent scholarly reviews, however, have found little research on methods and tools that
integrate FRM disciplines (e.g., physical and social sciences), overcome knowledge silos, and
improve FRM governance processes (e.g., land use and insurance) (Alexander et al., 2016a;
Hampton & Curtis, 2022; McClymont et al., 2019). It is argued that better integration would
make FRM more effective, as illustrated by Morrison et al., who argue: “the advent of integrated
FRM tools is likely to yield more rapid advances in our understanding of linked physical and

social influences on flood risk and improved FRM governance” (2018, pp. 299-300).
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This paper introduces the Resilience Bridge Platform (“RB Platform”), which was
designed to integrate data and facilitate periodic data exchange between insurance companies
and municipalities with the goal of reducing the number of high-risk, “uninsurable” properties in
Canada. Administratively, the RB Platform is designed as an intermediary that provides users in
both sectors with capabilities they do not have independently. The RB Platform provides insurers
with a central interface to access otherwise siloed government data, which they can use to
improve the accuracy and precision of their flood risk assessments. For municipalities, the RB
Platform provides information on properties that insurers consider high-risk and uninsurable,
which increases transparency and can be used to underpin local FRM decisions. More broadly,
the Platform aims to enable dynamic joint responses that effectively address mutual concerns,
particularly the reduction of high-risk, uninsurable properties in Canada. Findings from
interviews with key informants who evaluated the RB Platform are presented here, revealing the
strengths and weaknesses of this data-sharing tool as a method to promote widespread
affordability and availability of flood insurance (i.e., insurability) and to foster governance
integration. This study is particularly timely as it was recently announced that the Government of
Canada will be establishing a national flood insurance program with a focus on households at
high-risk of flooding, and this study’s findings could have implications for that program (GOC,

2023).

4.2 The role of government in private flood insurance markets

Insurance companies and government agencies are inextricably intertwined in FRM. To
understand this connection, it is important to first define the meaning of flood risk, from an

insurance standpoint, which is the product of hazard, exposure and vulnerability (ICA, 2023).
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Hazard refers to the probability of flooding at a given location, exposure refers to the number
and value of properties within a flood-prone area, and vulnerability refers to the characteristics of
a property that make it more susceptible to flood damage (e.g., a finished basement) (de Moel et
al., 2015). These three factors are considered when assessing a property’s flood risk, whereby a
property exposed and vulnerable to a 500-year flood event (0.2% chance of being flooded in any
given year) could be considered as having “low” flood risk, whereas one that is exposed and
vulnerable to a 5-year flood event (20% chance of being flooded in any given year) could be

considered to have “high” flood risk (Sandink et al., 2010).

Governments can prevent and reduce property flood risk in three main ways, including:
(1) investing in public infrastructure, (2) encouraging property-level floodproofing, and (3) land
use planning (Sayers et al., 2013). First, the construction of protective infrastructure such as
levees and flood walls shield properties from flooding, thereby reducing their risk of damage.
For example, the Red River Floodway in Winnipeg, Canada protects residents in flood-prone
areas from a 700-year riverine flood (Province of Manitoba, 2023). Second, governments
administer programs that incentivize homeowners to install floodproofing devices in their homes,
such as a sump pump or backwater valves, which protect properties from flood damage. Lastly,
governments can use regulations to set floodproofing construction and redevelopment standards

for buildings on floodplains and limit development in flood-prone areas.

Together, these three strategies can prevent that floods cause widespread and frequent
property damage. Conversely, failure to take such measures can translate into increased insured
economic losses when floods occur, for example, due to a lack of maintenance of flood
protection infrastructure and continued construction of floodplains (Andersen & American

Society of Civil Engineers, 2007; Verisk, 2022). Therefore, insurers have a clear interest in
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lobbying governments to partake in effective flood risk prevention and mitigation.

4.2.1 High-risk properties and the flood insurance dilemma

One barrier to private flood insurance as a tool to manage flood risk is that this type of coverage
is often unavailable or unaffordable for properties that insurers consider to be at high risk of
flooding (IBC, 2019; OECD, 2016). When faced with high-risk properties, insurance companies
may: (1) refuse to insure the property for flood damages, (2) insure the property for an elevated
premium that covers potential losses, or (3) cap the maximum compensation that would be paid
out when flooding occurs. In some Canadian markets, for instance, it has been estimated that the
annual premium to insure a high-risk property could be $10,000 to $15,000 (Public Safety
Canada, 2022). In cases where maximum payout is capped (e.g., $30,000 per flood event),

property owners are left to cover any repair costs that exceed the maximum payout amount.

The frequency and magnitude of floods are increasing globally as a result of climate
change, continued development on floodplains, aging infrastructure, and there is concern that the
increasing costs to repair flood damaged property and infrastructure will make flood insurance
unavailable or unaffordable for a greater number of properties (J. Lamond & Penning-Rowsell,
2014; Moody’s, 2023; Tesselaar et al., 2020; Verisk, 2022). As floods that were once rare occur
more frequently, properties that could formerly access insurance could become uninsurable due
to the increasing likelihood of flood damage. Likewise, flood insurance premiums could increase
to reflect the increased probability of flooding and increased costs to repair flood damaged

properties in some regions (Tesselaar et al., 2020).

Historically, the unavailability and unaffordability of flood insurance has been addressed

through public-private collaboration, such as the Statement of Principles (SOP) negotiated
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between the national government and private insurers in the United Kingdom, which preceded
the current Flood Re arrangement. The SOP committed insurers to “continue to offer flood cover
to existing domestic property...at significant flood risk [i.e., 75-year flood] providing the
Environment Agency has announced plans and notified the ABI [Association of British Insurers]
of its intention to reduce the risk of those customers below significant within five years”
(Association of British Insurers, 2008). This agreement established a division of responsibility
whereby governments facilitate the availability and affordability of flood insurance by reducing
property flood risk, such as by building or upgrading flood protection infrastructure (Surminski
& Eldridge, 2017). Similarly, through the Community Rating System (CRS), the United States
Federal Emergency Management Agency rewards communities that implement flood risk
reduction measures by reducing National Flood Insurance Program premiums by up to 45
percent for resident properties (FEMA, 2023). Although different in their design and details, both

of these initiatives aim to reduce flood risk to make insurance more available and affordable.

Despite the logical connection between public investments in flood risk reduction and
greater flood insurance availability and affordability, governments and insurers often make
decisions in isolation of each other. For example, insurers tend to use internal data and methods
to base flood insurance pricing and underwriting decisions, and it is often unclear if and to what
extent they may be accounting for property- and community-level flood protections in these
decisions (Minano et al., 2021; O’Hare et al., 2016; Surminski, 2017a). Establishing a more
explicit forum for information-exchange between insurers and government agencies could
solidify the connection between government efforts in FRM and greater flood insurance

availability and affordability.
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4.2.2 Data-sharing and flood insurance

Data-sharing platforms appear to be promising tools for fostering collaboration between insurers
and government agencies in resolving problems of mutual interest (Floodplain Management
Australia, 2015; Surminski, 2017a). Data-sharing involves making data owned by one
organization available to another, and the platform refers to the supporting technology, such as a
software application, that enables users to share their data and access the data of other
organizations (Wernick & Olk, 2020). Data-sharing platforms could enable new forms of cross-
sector collaboration that both reduces flood risk and expands flood insurance availability and

affordability.

First, a data-sharing platform could address some of the limitations of insurance industry
flood models, which sometimes distort reality or omit certain information, leading to an
overestimation of flood risk and a greater share of properties classified as high-risk (Figure 1V-
la). For example, in Ireland, “the insurance industry has been accused of treating certain areas of
the country that include insurable properties as uninsurable through its use of a geocoding
approach [which] allegedly...involves characterizing large areas with the same level of risk,
despite recent advances in flood protection...and therefore discriminating against those homes
and businesses that stand to benefit from protection measures” (Surminski, 20173, p. 6). Indeed,
in Germany, water authorities found that insurers’ flood maps were based on coarse modelling
methods and did not consider flood protection measures, such as (Surminski & Thieken, 2017).
Recognizing these technical limitations, German authorities shared the government’s detailed
local flood hazard zone mapping, which subsequently reduced the share of high-risk properties
from 1.5% in 2008 to 0.65% in 2016 by reclassifying 67,000 homes. These examples

demonstrate that technical limitations with flood models used for insurance purposes, such as
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low resolution or omission of flood protection measures, can lead insurers to overestimate flood

risk.

(a) Address insurers’ flood model limitations

Lack of flood model precision Lack of flood model accuracy
Model — with coarse | Reality — actual flood | Model — omitting Reality — buildings
topography data conditions (flood zone | community- and in flood zone are on
(flood zone in blue) in blue) property-level flood stilts and could be
protections. All categorized as
properties assessed as | having moderate
high-risk in red. flood risk

<

(b) Provide municipalities with additional flood risk information

Government flood hazard With insurers’ flood hazard | With insurers’ high-risk

dataset (in purple) data (in blue) properties (in red dots)

Figure 1V-1. How data-sharing tools could improve weaknesses in FRM
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Second, a data-sharing platform could increase transparency about insurers’ flood risk
analyses, which would be useful for government agencies. For example, insurer flood hazard
data on properties considered high-risk and uninsurable could help to target property risk
reduction efforts (Figure 1\VV-1b) and enhance government regulatory flood maps, which are often
criticized for underrepresenting flood risk. For example, Wing et al. (2018) argued that the U.S.
population exposed to flooding is undercounted when using FEMA’s 100-year flood zones,
calculating that 41 million Americans live within a 100-year floodplain versus the 13 million

who live in a FEMA-designated flood zone.

Cases in which insurers have shared data with governments for FRM purposes are sparse,
in part because insurers are reluctant to share internal flood risk analyses. As O’Hare et al.
(2016) explained, “a result of the privatization of resilience is that information becomes a
currency of competitive advantage, effectively an ability to ‘price’ risk in a more effective
manner than their competitors. Insurers noted that their modelling and maps could not be shared,
even in aggregated formats, because of the need to retain a commercial advantage and to adhere
to data protection conventions.” (p. 11). Furthermore, concerns about privacy, protection of
commercial interests and sensitivities about how data might be used can all be barriers to data-
sharing by organization (O’Hare et al., 2016; Wirth et al., 2021). There is some evidence,
however, that insurers are recognizing the potential value of data-sharing. For example, a 2022
Swiss Re report stated that “there should be more effort to improve communication of the flood
risk realities of different locations within the industry, governments and agencies, to help design
more effective mitigation plans.” (Bevere & Remondi, 2022, p. 24). In Norway and Canada, pilot

studies in 2020 and 2014, respectively, provided municipalities access to historical claims data in
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efforts to assess vulnerabilities in flood protection infrastructure (Climate-ADAPT, 2021; Praill,

2016).

Beyond the data-sharing willingness of partners, there are many legal, administrative, and
technological considerations that demand resources and may be too great to justify based on the
outcomes of a data-sharing partnership. How to design a data-sharing arrangement that reflects
industry and government interests, manages data-sharing barriers and costs, while also producing

beneficial outcomes for the public, is a complex process that demands careful analysis.

4.3 Study background and methodology

FRM in Canada is primarily the responsibility of provinces and municipalities (Golnaraghi et al.,
2020a), which manage key aspects such as floodplain designation, floodplain development
regulations and flood protection infrastructure and maintenance. The federal government also
plays a role by partnering with lower tier governments to fund large-scale flood infrastructure
works and updating floodplain maps (P. S. Canada, 2018; Infrastructure Canada, 2018). Canada,
however, is a federation where FRM activities (e.g., land use, public works) have not generally

been coordinated or monitored by a national agency (Henstra et al., 2019).

The 2013 Alberta floods had cascading effects that can still be felt today as its impact
demonstrated numerous weaknesses in FRM. One of those weaknesses was that residential
properties were not insured for flood damages and that overland flood insurance was unavailable
in Canada (Gallichan-Lowe, 2018; Haney, 2017). By 2015, a few large insurance companies
began offering residential flood insurance and the Insurance Bureau of Canada (IBC)—Canada’s
property & casualty insurance association—commissioned a national flood model to support

insurers with product development and pricing (Calamai & Minano, 2017). Concurrently, the
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insurance industry became vocal about the inadequacy of government flood hazard data, which
were perceived to be low quality, inaccessible and unavailable in a format needed by the industry

(Meckbach, 2017; Nadarajah, 2016).

Since 2015, the insurance industry has maintained that between 6 to 10 percent of
Canada’s housing stock is in areas at high risk of flooding (Al-Shibeeb, 2022; Meckbach, 2016).
IBC initially estimated about 1 million high-risk properties, but industry representatives now
state that 1.5 million properties are “considered uninsurable for basement flooding, and that
figure is increasing” (Chandler, 2022; IBC, 2019). Paradoxically, increased public investments in
predicting and reducing property flood risk over the past decade has not reduced the number of
high-risk, uninsurable properties (P. S. Canada, 2018; Infrastructure Canada, 2018). Instead, the
trend is that flood insurance will become increasingly unavailable and unaffordable, so the
insurance industry has lobbied the federal government to launch a public program to deal with
high-risk properties (Public Safety Canada, 2022). The 2023 federal budget confirmed the
Government of Canada’s commitment to “stand-up a low-cost flood insurance program, aimed at

protecting households at high risk of flooding and without access to adequate insurance”.

4.3.1 The Resilience Bridge Platform

This study’s central hypothesis is that gaps in flood insurance availability and affordability are
caused, in part, by the scattered and siloed nature of data. The first problem (Problem #1) is that
the inaccessibility of government datasets prohibits the insurance industry from assessing flood
risks accurately and precisely, leading them to classify a large number of properties as
“uninsurable”. Two recent studies support this contention. First, evidence gathered in a 2022

survey showed that companies offering residential flood insurance inconsistently factor
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community- and property-level flood protections in their business decisions (Minano et al.
submitted). Second, a 2021 study found that a flood model used widely by insurers identified
substantially more properties at-risk of flood than an equivalent government floodplain dataset
(Minano et al., 2021). The findings of these two studies suggest that insurance companies could
be overestimating flood risk due to the same flood model limitations observed in other countries,
such as Germany and Ireland. Lack of access to government flood data could mean insurers are
unaware of property-level flood risk reduction projects, because this information is not

systematically collected in a national database.

Conversely, the second problem (Problem #2) is that insurance data is not available to
government agencies, which prevents them from understanding determinants of flood
uninsurability and leveraging their capacity and resources to overcome them. Canadian insurance
companies are not required to report to the government on where and why they have classified
properties as high-risk of flood. For example, a 2021 survey of municipal officials indicated that
few have access to information pertaining to flood insurance, such as the location of high-risk
areas and properties that insurers have identified in their jurisdiction (Minano et al. submitted).
By interviewing senior staff in insurance companies and municipalities, this study explores these
two problems and assesses whether a data-sharing platform could enable new collaboration

between insurers and municipalities to expand flood insurability.

Platform design and development

The Resilience Bridge Platform (or RB Platform) was designed as a Web-based tool to collect,
curate, and manage data from municipalities and insurance companies via a central data

management system. At a high-level, the RB Platform was conceptualized as a data intermediary
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that would establish a line of communication between insurance companies and municipalities

(Figure 1VV-2a). This Platform was designed to achieve three Objectives:

(1) Make government FRM data available to insurers to strengthen their capacity to

assess property flood risks accurately and precisely

(2) Hluminate scope and determinants of flood uninsurability to inform municipal FRM

decision-making

(3) Facilitate cooperation between insurers and municipalities to expand flood

insurability in a sustained manner

Insurance company,
Resilience
Bridge
Platform

Insurance co mpany,

Insurance company,
Collects, curates

and manages data
from all parties

Insurance company,

National data index displaying municipalities | Map of Sunnydale City displaying properties
in Canada. Each municipal boundary can be insurers consider high-risk of flood in red.
clicked on by the user to see which types of | This is a mock-up using dummy data.

flood risk and resilience data are available for

a given municipality.
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(b) Technical capabilities of the RB Platform

Figure 1V-2. Conceptual overview and design of RB Platform. Appendix C includes

additional images

To achieve Objective #1, the RB Platform

of the RB Platform.

provided insurance companies a user interface

(Interface #1) where public and internal government data were centralized in one national data

index (Figure 1VV-2b). Interface #1 displays a map

which datasets are available and unavailable for a

of Canadian municipalities and showcases

given municipality. These datasets were

grouped into four categories: local features (e.g., digital elevation models), flood hazard (e.g.,
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floodplain data), property data (e.g., building footprints), and resilience data (e.qg., river flood
protection data). Interface #1 also contained a “new” icon for datasets that have been recently
updated by a municipality. It was intended that Interface #1 would help insurers find data of
interest more easily as well as ease the tracking of FRM initiatives undertaken by different

municipalities across Canada.

To achieve Objective #2, the RB Platform provided municipalities with a user interface
(Interface #2) where they could see a map of properties that insurance companies identified as
high-risk. A mock-up community called “Sunnydale City” was created since insurance data were
unavailable to the researcher. Interface #2 showed a map of Sunnydale City alongside statistics
on attributes such as the number and proportion of properties insurers consider to be at-high risk.
It also provided a list of “resilience measures” that Sunnydale City had made in the past and how
the number of high-risk properties had declined in a one-year period (i.e., 2021 to 2022) as a
result. Interface #2 included a reporting tool that could be used by Sunnydale City officials to
report new resilience measures implemented over the last year (i.e., 2022). It also included tips
from insurance companies on what Sunnydale City could do to further expand flood insurability.
It was intended that Interface #2 would clarify actions that municipalities could take to promote
flood insurance availability and affordability and increase transparency about how municipal

investments in FRM could result in fewer high-risk, uninsurable properties.

If implemented, Interface #1 and Interface #2 would collectively achieve Objective #3 by
facilitating cooperation between insurers and municipalities to expand flood insurability in a
sustained manner. For example, it would enable insurers to improve their flood risk assessments
by accounting for recent improvements in municipal flood protection, while municipalities could

see how their flood protection investments are reflected in insurance pricing and underwriting
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decisions. With these potential benefits in mind, this study sought to assess the viability of the
RB Platform based on whether public and private stakeholders would use the platform in

practice.

Platform evaluation protocol

The RB Platform was evaluated primarily via interviews, after which participants could complete
an optional feedback survey. Interviewees were selected from a list of 59 municipal officials and
7 insurance representatives who completed surveys in 2021 and early 2022 for a related study
(Minano et al. submitted). The 59 municipal officials represent municipalities in which about
30% of Canada’s population resides. The 7 insurance companies are among 16 that offer
residential flood insurance (IBC, 2019). Interviewees comprised primarily senior staff (e.g.,
directors and managers). Municipal officials generally managed engineering, public works,
planning or environment departments, and insurance representatives worked primarily in

actuarial science, personal property insurance, and hazards modelling.

Out of 59 municipal officials, 22 were selected for interviews who had earlier expressed
interest in seeing insurer-identified high-risk areas (n=15), already had access to flood insurance
data (e.g., neighborhoods or postal codes the industry considers at high-risk of flood) (n=6) or
had collaborated with the insurance industry in the past (n=1). Those who had an interest in flood
insurance data were selected to better understand how they foresee these data benefiting their
municipality. Meanwhile, those who had used flood insurance data were selected as they could
provide insights on the utility of these data for other municipalities, and whether they would
recommend other municipalities use flood insurance data. All 7 insurance representatives were

targeted for interviews.
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Interview questions and format

Interview participants were recruited by email between October and December 2022.
Interviews were 60 minutes in length, were conducted remotely via video link and were audio
and video recorded. All interviews were structured to include (1) an introduction, (2) a
demonstration of the prototype and (3) closing thoughts. A presentation and a live demonstration

of the RB Platform were used to illustrate its capabilities and facilitate discussion.

Interviews were semi-structured to evaluate the RB Platform using three criteria: scope,
feasibility, and effectiveness. To evaluate scope, participants were asked questions about the
availability of data and how data are used by their organization, as well as problems that stem
from data silos (i.e., Problems #1-2). For example, insurance representatives were asked, “how
do you currently keep track of areas where upgrades in flood protection are happening across
Canada?”. To evaluate the feasibility of the RB Platform, participants were asked questions
about their willingness to share data to support decision-making in another sector. For example,
municipal interviewees were asked, “are you interested in sharing municipal data with insurance
companies for informing their flood risk analyses?”. To evaluate effectiveness, participants were
asked to comment on the degree to which they perceived that the RB Platform would achieve its
objectives. For insurers, those objectives included whether the RB Platform would be likely to
improve access to high-quality data used for flood risk detection and evaluation, and whether
these data would change where their company offers flood insurance and how flood premiums
are priced. For municipal interviewees, those objectives included whether the RB Platform
would improve access to decision-useful flood information, increase their municipal capacity to
manage flood risks, and produce benefits for the public. The complete interview protocols are

found Appendix D.
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4.4 Results and discussion

4.4.1 Study participants

Interviews were conducted between November 2022 and January 2023. Ten representatives

(n=10) from five insurance companies participated, nine of whom were interviewed and one of

whom watched a video tutorial of the prototype and answered the feedback survey. In total, six

insurance representatives completed the feedback survey.

Eighteen representatives (n=18) were interviewed, representing thirteen (59%) of the 22

municipalities that were targeted for this study (Table 1\VV-1). Among them, thirteen (72%) had

leading roles in their municipalities, including department directors and managers. Most were

engineers (11/18; 61%) who manage the construction and maintenance of municipal

infrastructure, including storm and sewer networks and river flood protections. All had relevant

expertise relevant for this study, such as planning, climate change, emergency management and

municipal risk management and insurance. Five municipal interviewees also completed the

feedback survey.

Table I'V-1. Municipalities represented in this study, by province

By province Number of municipalities Number of municipalities
whose participation was who participated in this
requested study

Alberta 2 1
British Columbia 3 1
Manitoba 1 1
New Brunswick 2 1
Newfoundland and Labrador - -
Nova Scotia 2 2
Ontario 10 7
Prince Edward Island - -
Quebec -

Saskatchewan 2 -
Total 22 13
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In total, 28 participants were part of this study, 10 representing the insurance industry and
18 representing the municipal public sector. Their views on the RB Platform are presented in the

next section.

4.4.2 Platform evaluation results

Participants confirmed that lack of access to municipal data limits insurer awareness of
investments in flood protection and other government initiatives happening across Canada.
Interviewees suggested that municipal officials are generally unfamiliar with the criteria insurers
use to assess a property as “high risk”. A few municipal officials reported that their community
has already attempted to negotiate better flood insurance rates for their residents but have
received a muted response from the insurance industry, which confirms there is a “missing link”

between the actions taken by municipal governments in FRM and flood insurance decisions.

Municipal interviewees questioned the degree to which the RB Platform would make
flood insurance more available and affordable, because gaining access to new data does not
necessarily mean the data will be used to change insurance pricing and underwriting decisions.
Municipal officials also expressed concern about how their data could be interpreted by insurers,
demonstrating reluctance to share information that could lead to contraction of insurance
coverage or more expensive premiums for residents. In the next section, the views of
stakeholders are used to sketch out a potential alternative pathway forward that could address

these concerns and also achieve the objectives of the RB Platform.
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Strengths of RB Platform

Data silos are likely preventing insurers from accurately and precisely assessing property flood

risk

Insurer interviewees stated that the fragmented patchwork of government flood hazard data is a
barrier to assessing property flood risk. In particular, interviewees cited difficulty in finding
LiDAR elevation data, land parcel data, property characteristics (e.g., first floor elevation of a
home), and historical flood losses. Moreover, finding data on flood protection infrastructure is
particularly challenging for insurers. One representative indicated that keeping track of
infrastructure upgrades happening across “cities and geographies” is one of the “biggest
challenges” and that this continuous search is in “in some ways...out of our expertise”. A
representative from another company echoed the same sentiment, stating, “that's the part that's
difficult for us as insurers to sort of keep it on top of”’, while a third company representative
described getting access to data about a privately-owned dam through personal connections (i.e.,
“friends of friends”). They later added in reference to the RB Platform’s national data index,
“having a single point [for data searching] that we can radiate from...that would be really useful”
because “we cannot be talking to every city all the time” and it would ease the process of

knowing which data is available and which is unavailable for a given city or region.

Insurers reported that they track changes in flood infrastructure through their own manual
searches (e.g., Google; contacting municipalities), by relying on third-party flood modelling
firms for updates, and by drawing insights from insurance brokers and agents working in
communities. A few municipal officials confirmed they had been contacted by insurance
companies who specifically asked about municipal data on flood hazards and infrastructure, but

these types of interactions are sporadic. For example, one municipal official explained their most
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recent interaction with an insurance company was “a few years ago” who was asked about their
dike system and the level of protection the dike system provides, but that it had been “quite a
while since I’ve had an inquiry”. Municipalities also stated that municipal asset data that insurers
consider “flood protection data”, such as pipe’s age of construction and maintenance history, is
collected for internal municipal use and are usually not published in public data repositories.
Therefore, unless insurers periodically contact individual municipalities and can persuade them
to share these data, then they are unlikely to have a complete understanding of upgrades to
municipal flood protection infrastructure, such as increased capacity of drainpipes, which could

lower flood risk in a community.

In addition to conducting their own research, insurers learn about infrastructure upgrades
through third-party flood model updates, and through insurance brokers and local insurance
agents who flag pricing discrepancies and customer complaints. Regarding third-party flood
models, one interviewee stated, “we're hoping that these models incorporate the new dikes or the
new walls...but it's hard to be on top of everything”. Insurance brokers also flag client-provided
insights, which typically involve arguments that “they should have a discount on their flood
insurance [because] there has been some infrastructure work near their home”. Such demands
prompt insurers to validate the client’s insight by seeking government documents (e.g.,
engineering design documents) or contacting third-party flood modelers for an explanation. For
example, another insurer explained that brokers can highlight that “this pricing for personal lines
flood in such area is terrible, you’re way off the market...and we may call the [flood modelling
firm, and ask], do you know something about this municipality? Because according to your
model, they’re terrible, and they’ll go...we’ve updated the model, we can sell it to you.” Current

practices suggest that it is likely that public flood infrastructure investments are not being
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consistently accounted for in insurers’ flood risk analyses and that there is likely a time lag
between the construction of a new piece of infrastructure and its incorporation into insurers’

flood risk analyses.

There is a ‘missing link’ between municipal FRM decisions and flood insurance

The interviews confirmed that municipalities rarely have access to data about flood
insurance and do not understand the reasons insurers use to classify a property as ‘high risk’.
Among the 13 municipal interviewees, only three had access to flood insurance information for
their community. Specifically, one had access to a well-known flood hazard dataset that insurers
use to assess property flood risk, another had access to residential flood insurance claims data,
and the third had access to 6-digit postal code data that classified levels of “sewer backup risk”.
The latter two interviewees confirmed these data had been obtained by the city four years ago or
longer. These findings confirm that it is rare for municipalities to have access to data insurers use
to identify flood risk (e.g., third-party flood models) or the output of industry risk analyses, such
as data on areas and properties that companies classify as high-risk of flood. Although most
expressed interest in the RB Platform as a means to see the location of high-risk areas identified
by insurers, they indicated that understanding the reasons why these properties were classified as

“high risk” would be imperative to inform municipal decision-making.

It is evident that some municipalities have pursued data-sharing with insurers, especially
those advocating for better premiums for their residents after investing in flood infrastructure
upgrades. Conversely, municipalities that have proactively attempted to share their data or
insights with the insurance industry have received a muted response. One municipal official

explained:
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“We’ve had some luck talking to different insurance providers about the
[flood] mitigation that we’ve put in, but some have been interested and some
just haven’t. And when we’ve talked to them about incorporating our more
accurate [flood] maps...they’ve said no, they can’t do that [because] they need
to use their same consistent processes and mapping across, you know the

province or the country”.

An official from another city reported that they had approached IBC to explain flood
protection investments some years ago, but told that “it's great we're doing this [flood protection]
program...[however,] they don't have an influence over the pricing that insurance companies
have, and they didn't have a platform to...share any of our upgrade data”. Another city official
echoed a similar experience with IBC, reporting that they were told, “nice that you guys are
doing these investments. We'll see first in how that is reflected in the claims...then we'll consider
in possibly lowering rates where there are demonstrated lower damages incurred...so from our

perspective it’s not fair.”

In summary, these findings suggest that the RB Platform’s ability to integrate
government data into one central system could help insurers find data more efficiently and could
increase visibility of available data resources. They also confirm that the RB Platform could fill
in the “missing link” to “help the conversation between municipalities and insurance industry”,

as echoed by a study participant.

Weaknesses of RB Platform

The greatest weaknesses of the RB Platform are that it does not appear it would be an effective

tool to alleviate flood insurance availability and affordability, particularly if it is implemented in
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isolation from other strategies, and that its adoption will face several practical challenges

particularly to gain buy-in from municipalities to participate in data-sharing with insurers.

Increased data access is not enough for insurers

When asked if they perceived that the RB Platform could change where their company
offers flood insurance or influence the premiums charged to clients, insurance interviewees had
mixed responses. Some reinforced that gaining access to data does not necessarily mean it will
be used for business decisions. One industry representative explained they would first need to
see how the data performed over time in order to assess its quality. Generally, insurers referred to
the need for “consistent” and “reliable” data and expressed doubt that governments could
provide them. One insurer indicated that “there are very few areas of flood defences in Canada
that are of high quality. If you compare that to something like the Netherlands that has a very
focused governmental stance on public flood defences, they would be more reliable to
understand how and why those defences would protect from...a certain level of event”. They
added, “ideally, for us to consume it [the data], it would have to be on a polygon kind of basis so
that we understand the areas that are protected based off of the flood zone and connect it back to
that flood zone that’s providing that level of protection. But the challenges that we have right
now is that there’s lots of flood protections in Canada, there’s very few that are of high quality.”
A representative from another company expressed a similar sentiment, asserting, “the flood maps
in Canada are poor, old...they’re not consistent across different areas”. A third company
representative indicated that “if we don't have good information on a mitigation structure or
flood defense, we don't include it. If we're not able to find good information on it, we play on the
safe side and we don't include it, or we include it, but we tone down its supposed efficiency.”

These comments suggest that even if municipalities were to share their protection data, insurers
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might still decide not to use them, on the basis that municipal data is inconsistent or that they do

not consider municipal data as a reliable source for decision-making.

Additionally, even if new information becomes available to insurers, such that an area or
property could be re-classified from a “high risk” category to a “low risk” category, there may
still be hesitation to adjust premiums to reflect this. As one insurance interviewee explained,
“these [cases] are always tricky to manage in house...we are very aware that it’s not a good
signal like client-wise, ‘why then were you charging me so high last year and now?’”. A more
promising approach for insurers might be to re-consider their pricing when a broker and client
raise the issue rather than when they stumble upon new information (i.e., “your pricing is
completely off in this particular area, look, they’ve built walls, you don’t have the latest

information”).

Negative consequences for municipalities to engage in data-sharing with insurers

Municipal interviewees expressed a common concern that sharing data with insurers
could have negative consequences for residents. For example, one municipal official said, “we're
kind of more of the vulnerable party in this relationship... what they do can impact us more than
what we do impacting them.” Specifically, several interviewees worried that providing flood
hazard and defence data to insurers could prompt them to deny coverage or raise premiums. As
one official stated, if insurers “use some of that information to deny insurance to large swaths of
communities that you know up to now have been insurable...it could be really damaging”.
Another municipal official stated, “worst case scenario occurs and we share this data and it
directly relates to the homeowner losing coverage that they had previously”. Another, lesser
concern was that some residents approach municipalities for advice about how deal with a flood

in their home and to protect their property from future flooding—personal information they do
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not anticipate a municipality in sharing with a third-party. Clearly there is some skepticism
among municipal officials about the benefits of a data partnership with insurers, when weighed
against the possibility that it could harm residents through loss of insurance coverage or higher

premiums.

Important findings and a pathway forward

Although this evaluation of the RB Platform prototype revealed some weaknesses, it also
uncovered two important findings. The first important finding is that there is significant
ambiguity around the reasons why some properties are considered “high risk” by insurance
companies and the scope of the problem. Among competing insurance companies, there are
differences in the operational definition of “high risk”, as confirmed by one insurance
representative who stated, “it will not be apples to apples if you ask five different insurers where
which are the high risk properties in this area”. It is also apparent that the slate of properties
considered “high risk” by insurance companies changes periodically. All participating insurers
indicated that updates to the flood models they use result in re-classification of the risk level
assigned to specific properties, which can sometimes cause a change from a low to a high-risk
category and vice versa. One company indicated these model updates happen frequently, with at
least five updates since 2015. Meanwhile, some municipalities have been approached by
residents looking for solutions to loss of their flood coverage, such as by installing property-level
protections or challenging the boundaries of the insurer’s flood zone. In summary, it is
imperative to understand why properties are categorized as “high risk” by insurance companies

and to find a way to transition properties from being “uninsurable” to “insurable”.
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Formalizing a process of appeal

Beyond the data-sharing RB Platform, flood insurance availability and affordability could
be expanded by establishing a formal appeal process whereby the owner of a property labelled as
high-risk or is being charged an unaffordable premium could seek advice for remedying this
issue. Such a process would require insurance companies to justify their risk classification, and
the property owner could appeal the insurers’ decision. This is already happening in Canada to a
degree, but it occurs informally and piecemeal. For example, one municipality indicated that its
home floodproofing subsidy program had enabled some homeowners to access flood insurance
coverage. Similarly, an insurance interviewee reported seeking municipal engineering design
documents to validate clients’ arguments for a reduced flood premium in light of municipal
investments in new flood protections. Another insurance representative indicated that “the
customer...[is] blind to the mapping that we do use...that's a piece that's definitely missing for
me, is consumer education on what their risk is”. They later added, that aside from
municipalities, “‘consumers...at the end of the day are the ones that can.... do things to help
mitigate [flood risk] and make themselves more insurable”. This appeal process could be
mediated by a provincial or federal government body that tracks cases and documents

experiences and outcomes to inform public policy.

The second important finding is that insurers perceive that governments are not a reliable
source of flood risk information and are ineffective at reducing property flood risk. Statements
from insurers such as “the flood maps in Canada are poor, old...they’re not consistent across
different areas”, and that “I think governments, municipalities don’t necessarily have a view [of
flood risk] at all today. So I think the data, if we provided that would give them...a clearer

picture where there are severe risks”, show that there is a perception that insurers’ data is more
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reliable and complete than that used by government agencies. This perception is not unique to
the insurance industry as journalists in 2019 published articles with similar sentiments, e.g.,
“poor flood-risk maps, or none at all, are keeping Canadian communities in flood-prone arcas”
(Mcclearn, 2019). The perception of government inadequacy in FRM spans beyond data-related
issues. One insurer explained, “municipalities quite often they have, not all the time, but they
tend to have perverse incentives regarding flood management, whereas they are living, they are
surviving through. .. property taxes...they tend to be incentivized to look the other way and
minimize and disregard the actual flood risk, or at least for the longest time they had”. And this
perception, at least in part, lies on not being able to track changes and investments in FRM
across Canada, “if we start seeing a lot less of those red zones and we start seeing additional
resilience features being added, red zone starting to go down, then | would say | have a level of

trust that they're doing things to incrementally improve the flood risk in those zones”.

Addressing the perception of government unreliability

FRM in Canada is largely the responsibility of 10 provinces and more than 5,000
municipalities. This governance complexity undoubtedly makes it difficult for insurance
companies, which operate nationally, to appreciate the many FRM initiatives and investments
occurring across the country. It is evident from these interviews that municipal officials are
updating their flood models, investing in flood protection infrastructure and responding to a
sense of urgency to address their community’s flood risk. A national data index like the RB
Platform could overcome this lack of visibility of government progress in FRM, which could be
further developed to index all publicly available data on local features, flood hazards, exposure
and resilience in one central public website. Participants mentioned some other initiatives that

could support a data collection process of flood protection infrastructure, such as Ontario’s Asset
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Management Regulation that requires all municipalities to report on the “percentage of properties
in municipality resilient to a 100-year storm” and the “percentage of the municipal stormwater
management system resilient to a 5-year storm” (Province of Ontario, 2021). In conclusion, there
is a need to address the perception that governments are unreliable partners in FRM, which could
be demonstrated through greater transparency of FRM activities (e.g., efficacy of floodplain

regulations, flood protection upgrades) and data integration.

4.5 Conclusions

This study confirmed the presence of two problems that stem from governance fragmentation,
and which appear to act as barriers from promoting greater flood insurance availability and
affordability. First, the absence of a central data repository that records and tracks flood
infrastructure efforts (e.g., for riverine, pluvial FRM) happening across Canada pose difficulties
for insurers to become aware of incremental changes to flood protection. This subsequently
prevents or creates a time lag to reflect public investments in flood insurance pricing and
underwriting decisions. Second, the lack of transparency about how insurers conclude a property
is at “high risk” of flood (e.g., the cause of flooding, the flood return period used) does not lend
itself to unpacking the problem and effectively leveraging government resources to help
residents transition from a high to a lower risk category. Such as by providing additional
information about how a property is protected from flooding that insurers may have been
unaware of, or by using insurance insights to inform future flood infrastructure plans. The
interviews also confirmed that flood model updates and new information can lead insurers to re-
assess the flood risk levels assigned to their clients. However, given the lack of transparency
about this risk re-classification process, it is difficult to know where the high-risk “uninsurable”
properties remain at present time.
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The RB Platform was designed as a tool to foster governance integration by “bridging”
actors that are currently working largely independently from one another (e.g., among competing
insurers) and across sectors (e.g., municipalities and insurers). Though there were some
weaknesses to the RB Platform, aspects of it do appear beneficial for overcoming governance
fragmentation. For example, the national data index can ease the process of discovery of
available government data repositories that are currently found across many municipal open data
websites. However, this study revealed that gaining access to new data does not equate that
insurers will immediately change premiums or re-adjust a property’s flood risk classification
since they may question the validity and quality of the data, the data may not be consistent with

their internal processes, or they may need to see fewer claims to validate the data.

In 2023, the Government of Canada revealed its intention “to stand-up a low-cost flood
insurance program, aimed at protecting households at high risk of flooding and without access to
adequate insurance” (GOC, 2023, p. 136). As a parallel strategy to this program, the three levels
of government could partner to develop a national flood defences database that could be used by
residents to advocate for lower flood premiums and (re-)gain access to flood insurance coverage.
This could also encourage that the national flood insurance program focuses on those who truly
cannot find flood insurance coverage after exhausting all options. Given that the IBC expects the
number of high-risk properties to increase, and internationally there are discussions for insurers
to exit certain high-risk markets due to low profitability (Al-Shibeeb, 2022; Moody’s, 2023), it is
becoming increasingly important to solidify the relationship between flood risk prevention,
mitigation and insurance to ensure flood insurance remains available and affordable in the long-

term.
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Lastly, this study responded to gaps in the literature and calls from the international
community to establish public-private data-sharing partnerships for supporting effective flood
risk management (Bevere & Remondi, 2022; Gilissen et al., 2016). The methods presented here
can be considered a governance integration tool as demanded by scholars such as Morrison et al.
(2018). The RB Platform could be used to facilitate discussions about data-sharing in other
international contexts where public-private data-sharing partnerships are being considered (e.g.,
New Zealand) and to better understand if these types of partnerships will in fact lead to

beneficial outcomes for society (LGNZ, 2022).
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Chapter 5

Dissertation Summary and Conclusions

5.1 Summary of dissertation findings

The three studies that comprise this dissertation investigated several research questions to
identify the strengths and weaknesses of Canada’s governance approach to FRM and
opportunities for improvement. The primary focus of this dissertation was the opportunities to
enhance interconnectedness between the P&C insurance industry and the public sector,
specifically Canadian municipalities. The following sections outline the objectives of each study

and describe how these objectives were met.

5.1.1 Study #1: A comparative analysis of government and insurance geospatial

data for identifying properties at risk of flood (Chapter 2)

Study #1 research questions (RQ): RQ1: How similar are insurer and government views of

flood risk? RQ2: What are the potential societal implications of divergence in these views of

flood risk?

Obijective 1: Map, quantify and compare flood-prone regions and properties by
leveraging geospatial data used by government agencies and insurance companies for

flood risk identification in three Canadian cities (Halifax, Toronto, and Calgary).

Objective 2: Based on the results of Objective 1, discuss the implications that conflicting
views of flood risk could have for addressing flood insurance unavailability and

unaffordability issues in Canada.
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The first study compared the location and number of residential properties that
municipalities consider to be in flood hazard areas for the purposes of FRM with those
referenced by insurance companies for underwriting and premium pricing decisions. To the
author’s knowledge, this was the first study published in a peer-reviewed journal that compared
systematically the contrasting views of flood risk produced by data used by insurers versus data
used by government officials. The study found that out of 933,468 residential properties in three
Canadian cities (Halifax, Toronto, and Calgary), 16,239 (1.7%) were located in government-
identified flood risk areas (i.e., 100-year return period), whereas 51,603 (5.5%) were identified in
equivalent areas by an industry flood model (RQ1; Objective 1). The study discussed how a lack
of transparency about how insurers assess flood risk diminishes government awareness of these
higher risk flood areas and undermines the adoption of appropriate policy responses (RQ2;
Obijective 2). The study proposed the development of a data management system to integrate
government and industry flood hazard data to establish a common understanding of the “flood
problem” and enhance collaboration between public and private actors to reduce and manage the

number of residential properties at high-risk of flood.

5.1.2 Study #2: Conceptualizing and evaluating the role of a data platform for

strengthening flood risk governance (Chapter 3)

Study #2 research guestions (RQ): RQ1: Is there an appetite among municipalities and

insurance companies to integrate their flood risk data into a shared data platform to inform FRM
efforts and decisions? RQ2: What should a data integration platform do to reflect the interests of

municipal officials and insurance representatives?
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Objective 1: Survey Canadian municipal officials to assess the extent to which they have
access to flood insurance data (e.g., industry flood hazard data, properties at high-risk of

flood identified by insurers).

Obijective 2: Survey P&C insurance companies with Canadian operations to assess their level
of interest to share their flood risk insights and company data with government agencies.
Obijective 3: Evaluate whether a data platform that integrates public and private flood risk

data is of interest to municipal officials and insurance representatives to inform FRM efforts.

The second study explored the idea of a data platform that could facilitate data-transfer
and collaboration between insurers and Canadian municipal officials. This study leveraged the
principles of effective flood risk governance outlined by Alexander et al. (2016) to conceptualize
a set of capabilities a data platform could provide to foster cross-sector collaboration. For
example, to increase capacity to recover from a flood, the data platform would provide insurers
access to data on municipal flood protection infrastructure, which international literature
suggests could increase the availability and affordability of flood insurance (Bevere & Finucane,
2022; OECD, 2016). Officials from 59 municipalities and representatives from seven P&C
companies responded to a survey that assessed their level of interest in the data platform, its
proposed capabilities, and its intended objectives (Objectives 1 and 2). Municipal officials
confirmed they largely do not have access to data or information about flood insurance (6/59;
10%), offering evidence of the fragmented nature of Canadian flood risk governance. Actors in
both sectors did not express strong opposition to sharing some of their data with the other sector.
Regarding the data platform, municipal officials were interested in seeing high-risk areas that
insurance companies had identified (78%) for informing risk mitigation investments and

floodplain regulations and zoning (66%)(RQ1 and 2; Objective 3). Insurers were interested in (1)
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receiving updates about new flood model data created by governments (e.g., LIDAR topography
data)(71%), and (2) annual updates on where flood protection upgrades have been made (57%),
which they indicated could increase confidence in their company’s flood risk assessments (71%)
and promote fair competition between insurance companies (71%), and change where their
company offers flood insurance (e.g., high-risk postal codes)(57%) (RQ1 and 2; Objective 3).
Insurers were more muted about the data platform’s potential influence on increasing or
decreasing flood premiums, but the study concluded the conceptual data platform should be

explored further given participants’ interests.

5.1.3 Study #3: Evaluating a public-private data-sharing platform for improving
flood insurance availability and affordability (Chapter 4)

Study #3 research guestions (RQ): RQ1: Does the fragmented governance approach to flood

risk management create barriers for alleviating problems of flood insurance availability and
affordability in Canada? RQ2: Is a data platform an appropriate, feasible and effective tool to
improve and sustain the availability and affordability of flood insurance in Canada? RQ3: Are
there more effective alternatives than a data platform to improve the availability and affordability

of flood insurance in Canada?

Objective 1: Develop a data platform prototype that captures the interests of municipal
officials and insurance companies reported in Study #2.

Objective 2: Interview municipal officials and insurance representatives to evaluate the data
platform and assess whether they would share data with the other sector via this platform and

identify foreseeable effects of cross-sector data-sharing.
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Objective 3: Analyze the interview data and determine if a data platform is an appropriate,
feasible and effective tool to improve the availability and affordability of flood insurance in

Canada.

The third study further explored the viability of the data platform by presenting a
prototype to stakeholders, who then evaluated it during interviews. The study presented the
Resilience Bridge Platform (“RB Platform”)—a tool for municipal officials and insurers to share
data with the objective of reducing the number of high-risk “uninsurable” properties in Canada
(Objective 1). The RB Platform, it was proposed, would make government data accessible to
insurers to refine their property flood risk assessments, thereby potentially correcting cases
where risks may have been overestimated due to model assumptions and uncertainties. The RB
Platform would also make insurer data on the location of high-risk properties available to

municipal officials, which would inform their flood risk reduction efforts.

Participants recognized the RB Platform could act as a “missing link” between municipal
officials and insurers and acknowledged it could make insurers more aware of flood protection
infrastructure that is currently difficult to track (RQ1; Objective 2). However, the interview
results ultimately signalled that the RB Platform would be unlikely to achieve its objective, for
several reasons (RQ2; Objective 3). First, new data access would not suffice for insurers to
adjust premiums and underwriting processes. Industry representatives indicated that municipal
flood protection information would not spur them to change premium pricing unless the data
could be validated over time for consistency and reliability and proven through a reduction in
claims. Second, municipal interviewees reported that receiving data about the location of insurer-
designated “high risk” properties would be insufficient to impel changes in risk reduction efforts

without a deeper understanding of the factors leading to this risk categorization. The study
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findings made a compelling case for a multi-level government approach to data collection on
flood hazards and resilience data, rather than a municipal-insurer data-sharing partnership.
Furthermore, the study concluded that a formal process of appeal is needed for citizens to redress
disputes with their insurer, which would also provide documentation for governments to assess

what is needed to transition a household from being “uninsurable” to “insurable” (RQ3).

5.2 Contributions to flood risk governance literature

This dissertation makes two key contributions to flood risk governance literature. The first
pertains to methodologies for evaluating the effectiveness of flood risk governance for detecting
“entry-points” for improvement, and the second is a philosophical contribution concerning flood

risk governance fragmentation and integration.

The process of identifying “entry-points” for improving flood risk governance has been
dominated largely by qualitative studies, such as desk analysis and interviews (e.g., Alexander et
al., 2016b; Hegger, Driessen, Wiering, et al., 2016). This dissertation demonstrates the
contribution that geographers—particularly digital geographers—can make to flood risk
governance evaluation. Geography is a multi-disciplinary field of inquiry that leverages physical
and social sciences and increasingly harnesses digital technologies to find solutions to social
problems. This dissertation leveraged geospatial technologies to visually demonstrate the
impacts of flood risk governance fragmentation, such as through the comparative analysis of
flood hazard data used by insurers and data used by governments (Chapter 2). In Chapter 4,
geospatial technologies were leveraged once again to operationalize a conceptual governance
integration tool, assist stakeholders in understanding the idea and prompt feedback on the tool’s
perceived effectiveness in overcoming flood insurability problems. This dissertation
demonstrated the role of digital geographers in creating tools that foster flood risk governance
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integration, as has been recommended by scholars such as McClymont et al. (2019) and

Morrison et al. (2018).

More broadly, this dissertation makes a contribution concerning flood risk governance
fragmentation and integration. It has been observed that “fragmentation within FRM systems, in
terms of the distribution of responsibilities between actors and governing rules...can prove
detrimental to the effectiveness of FRM” (Gilissen et al., 2015, p. 12). In Canada, it is evident
that the lack of consistent government commitment to flood hazard and resilience data collection
perpetuates duplicative, parallel and siloed efforts for understanding flood risk. This patchwork
of data silos is not only inefficient, but it also prevents actors from understanding and
appreciating changes in flood risk and FRM over time. Hegger et al. (2016) argue that “bridging
mechanisms may be an important way to establish links between [FRM] strategies” (p. 10).
However, this dissertation demonstrated the complexities of establishing such “bridging
mechanisms” because it is a challenge to discern how to do so in a way that is context-

appropriate and effective at achieving its intended objectives.

As demonstrated in this dissertation, identifying and evaluating “entry-points” for
integrating public and private sector FRM efforts is laborious and might even distract from more
significant problems with FRM. Although it is important to explore potential FRM linkages
between the P&C insurance industry and governments, addressing the most important problems
with FRM do not require industry involvement. CUPE (2019) observes, for example, that
municipalities “need an injection of over $50 billion to renew [municipally-controlled water and
wastewater] infrastructure in poor or very poor condition” (CUPE, 2019). Moreover, all levels of
government could collaborate in a concerted effort to prevent irresponsible development on

floodplains, using tools such as mapping, tracking, economic incentives and regulatory
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enforcement. Resolving these two problems—merely two examples among many—does not
require industry involvement, but rather a concerted and integrated governmental approach to

FRM.

5.3 Practical contributions

This dissertation found that establishing a municipal-insurer data-sharing partnership is not
justified to improve flood insurance availability and affordability in Canada. Nevertheless, the
process of evaluating the effects of fragmentation in Canada’s governance approach to FRM

revealed two alternative strategies:

1. A coordinated governmental approach to flood hazard and resilience data collection

2. A formal process of appeal

Insurers with operations in Canada perceive they have better information about flood risk
than government agencies. If this perception is factual, it raises two questions for government
agencies. If it is true, why is this information not relied upon for government FRM decision-
making (e.g., land use and infrastructure)? If it is false, who is responsible for correcting insurers
property flood risk assessments? On one end, if insurers indeed have more accurate flood risk
information than government agencies, government agencies should be factoring this
information in flood damage prevention because the public is who would be impacted by the
mismanagement of foreseeable flood risk. On the other end, if insurers are incorrect, the public is

paying a premium for a risk they do not possess.

Although there are some initiatives underway to fill national data gaps (e.g., 2021-2024
Flood Hazard Identification Program) there is a need for an ongoing intergovernmental

commitment to maintain a national flood hazard and resilience database in the long-term. Such a
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database would not only increase efficiency by aligning duplicative flood hazard mapping
efforts, but would also increase the legitimacy of floodplain development restrictions, build
support for investments in flood protection infrastructure, clarify the boundaries of areas that are
protected areas versus unprotected from flood damages, create opportunities for research based
on a commonly and scientifically accepted view of flood risk, and assist a process of inquiry

about insurers’ interpretations of flood risk.

One of the most striking findings of this dissertation is that both municipal officials and
insurers reported residents are seeking ways to access flood insurance coverage or receive a
discounted flood premium. Municipal officials indicated that residents had approached them for
financial assistance to install property-level flood protection measures in hopes to gain access to
flood insurance coverage. Insurers indicated that residents were approaching local agents with
information on flood protections in their neighborhood that they perceived should warrant a

flood premium discount.

Given that municipalities do not know the factors insurers use to classify a property as
“high risk”, the definition of “high risk” varies across insurance companies, and some residents
are already seeking ways to become more insurable, a process of appeal could be what is needed.
Such an appeal process would enable a resident to file a complaint against an insurer if they
believe they are unjustly categorized as high-risk. The appeal process could lead to
reconsideration by the insurer, while also generating information for governments to better
understand the factors that lead to high-risk categorization. The research for this dissertation
revealed that insurers might be missing information about local FRM investments, so an appeal
body could formalize a process by which property owners can communicate additional pertinent

information to an insurer. This process would likely be needed in circumstances when the
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property owner has already “shopped around” for flood coverage with different companies and

has attempted to work on a resolution one-on-one with their insurer.

5.4 Conclusions and future research

International bodies such as the United Nations are “promoting a unique multi-stakeholder,
whole-of-society and inclusive approach to reducing risks and vulnerabilities to disasters”
(United Nations, 2019). Although there is a role to play in FRM for non-governmental
institutions and civil society, governments have the primary legitimacy and capacity to spearhead
most elements of FRM. To improve the effectiveness of flood risk governance in Canada, a long-
term, intergovernmental commitment is needed to collect and maintain flood risk and resilience
data. A national database could buttress the position of government agencies across all levels as
both leaders in FRM and reliable partners for insurers. Continuing investment in flood damage
prevention and effective communication of progress in FRM could increase confidence in flood
insurance markets, particularly as the global re/insurance industry seeks avenues to reduce their
exposure to growing catastrophe risks (Moody’s, 2023).

There are at least three areas of future research that emerge from the findings of this
dissertation:

1. The experience of the public. A useful next step to this research would be to seek those
residents who have advocated for themselves to (re-)gain access to flood insurance
coverage or better premiums, in order to understand their experience. Were they
successful in acquiring flood insurance coverage? What did that process entail? Which
types of information and/or actions were needed for the resident to build a case,

negotiate access to flood insurance or obtain a better rate?
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2. Defining “reliability” for flood defence data. Insurers argue they need reliable data to
assess, quantify and price flood risk. One insurer suggested they would need access to a
polygon dataset with a metric that signifies the level of protection. They later added that
they would need “standardized [engineering] grading” so “we can get everyone on the
same page in terms of what we rate as a quality of defence” and a “committee of
engineers to mark that defense” (Insurer 7 transcript). What this might mean for different
types of FRM infrastructure, such as for defences for pluvial, riverine and coastal
flooding, is to be determined.

3. Changing nature of high-risk “uninsurable” properties. One of the questions that
remains unanswered is which factors might lead to a property being re-classified from a
high to a lower risk category? Since insurers re-evaluate property-level flood risk as new
information emerges and as flood models are updated, then what information might be

required to transition properties from an “uninsurable” to an “insurable” category?
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Appendix A

Municipality Province
1. Medicine Hat Alberta
2. Lethbridge Alberta
3. Brooks Alberta
4. Calgary Alberta
5. Chestermere Alberta
6. Airdrie Alberta
7. Red Deer Alberta
8. Lacombe Alberta
9. Camrose Alberta
10. Lloydminster Alberta (part) / Saskatchewan (part)
11. Wetaskiwin Alberta
12. Beaumont Alberta
13. Leduc Alberta
14. Spruce Grove Alberta
15. Fort Saskatchewan Alberta
16. Edmonton Alberta
17. St. Albert Alberta
18. Cold Lake Alberta
19. Grande Prairie Alberta
20. Steinbach Manitoba
21. Winkler Manitoba
22. Morden Manitoba
23. Brandon Manitoba
24. Portage la Prairie Manitoba
25. Winnipeg Manitoba
26. Selkirk Manitoba
27. Dauphin Manitoba
28. Flin Flon Manitoba (part) / Saskatchewan (part)
29. Thompson Manitoba
30. Saint John New Brunswick
31. Moncton New Brunswick
32. Dieppe New Brunswick
33. Miramichi New Brunswick
34. Fredericton New Brunswick
35. Edmundston New Brunswick
36. Campbellton New Brunswick
37. Bathurst New Brunswick
38. St. John's Newfoundland and Labrador
39. Mount Pearl Newfoundland and Labrador
40. Corner Brook Newfoundland and Labrador
41. Queens Nova Scotia
42. Halifax Nova Scotia
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43. Cape Breton Nova Scotia

44, West Hants Nova Scotia

45. Charlottetown Prince Edward Island
46. Summerside Prince Edward Island
47. Estevan Saskatchewan
48. Weyburn Saskatchewan
49. Melville Saskatchewan
50. Regina Saskatchewan
51. Moose Jaw Saskatchewan
52. Swift Current Saskatchewan
53. Yorkton Saskatchewan
54, Saskatoon Saskatchewan
55. Warman Saskatchewan
56. Martensville Saskatchewan
57. Melfort Saskatchewan
58. Humboldt Saskatchewan
59. Prince Albert Saskatchewan
60. North Battleford Saskatchewan
61. Meadow Lake Saskatchewan
62. Fernie British Columbia
63. Cranbrook British Columbia
64. Kimberley British Columbia
65. Nelson British Columbia
66. Castlegar British Columbia
67. Trail British Columbia
68. Rossland British Columbia
69. Grand Forks British Columbia
70. Greenwood British Columbia
71. Penticton British Columbia
72. Chilliwack British Columbia
73. Abbotsford British Columbia
74. Langley British Columbia
75. Surrey British Columbia
76. White Rock British Columbia
77. Delta British Columbia
78. Richmond British Columbia
79. Vancouver British Columbia
80. Burnaby British Columbia
81. New Westminster British Columbia
82. Coquitlam British Columbia
83. Port Coquitlam British Columbia
84. Port Moody British Columbia
85. North Vancouver British Columbia
86. Pitt Meadows British Columbia
87. Maple Ridge British Columbia
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88. Victoria

89. Colwood

90. Langford

91. Duncan

92. Nanaimo

93. Parksville

94. Port Alberni
95. Campbell River
96. Courtenay
97. Powell River
98. Merritt

99. Kamloops
100.Kelowna
101.West Kelowna
102.Vernon
103.Armstrong
104.Enderby
105.Revelstoke
106.Salmon Arm
107.Williams Lake
108.Quesnel
109.Prince Rupert
110.Terrace
111.Prince George
112.Dawson Creek
113.Fort St. John

British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia
British Columbia

114. Mission British Columbia
115.Cornwall Ontario
116.Clarence-Rockland Ontario
117.Ottawa Ontario
118.Brockville Ontario
119.Kingston Ontario
120.Belleville Ontario
121.Quinte West Ontario
122.Prince Edward County Ontario
123.Peterborough Ontario
124.Kawartha Lakes Ontario
125.Pickering Ontario
126.0shawa Ontario
127.Vaughan Ontario
128.Markham Ontario
129.Richmond Hill Ontario
130.Toronto Ontario
131.Mississauga Ontario
132.Brampton Ontario
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133.Guelph Ontario
134.Burlington Ontario
135.Hamilton Ontario
136.Port Colborne Ontario
137.Welland Ontario
138.Thorold Ontario
139.Niagara Falls Ontario
140.St. Catharines Ontario
141.Haldimand County Ontario
142.Norfolk County Ontario
143.Brant Ontario
144.Brantford Ontario
145.Cambridge Ontario
146.Kitchener Ontario
147 .Waterloo Ontario
148.Stratford Ontario
149.Woodstock Ontario
150.St. Thomas Ontario
151.Windsor Ontario
152.Sarnia Ontario
153.London Ontario
154.0wen Sound Ontario
155.Barrie Ontario
156.0Crillia Ontario
157.Pembroke Ontario
158.North Bay Ontario
159.Greater Sudbury Ontario
160.Temiskaming Shores Ontario
161.Timmins Ontario
162.Elliot Lake Ontario
163.Sault Ste. Marie Ontario
164.Thunder Bay Ontario
165.Kenora Ontario
166.Dryden Ontario
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Appendix B

1. Survey for municipal officials (Survey Instrument #1)

Q1. Has your municipality experienced the following situations in recent years? Check all that apply.
Floods are happening more frequently in recent years
Difficulties predicting which places will be impacted by floods
More residents are affected by floods now than in the past
Higher costs to repair flood-damaged property (e.g., public infrastructure, private property)

Residents are unprepared to deal with flooding (e.g., during emergencies, recovering from a
flood)

Municipal resources are increasingly strained paying for flood damage repairs

Resident or municipal concerns about changing local flood hazards due to climate change

Q2. Are there other flood-related impacts that your municipality has recently experienced?
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Q3. Which type(s) of flooding affect your municipality? Check all that apply.

Pluvial or urban flooding

Fluvial or riverine flooding

Coastal or storm surge flooding

Other type(s) of flooding:

I don't know which type of flooding specifically

Flooding does not occur in my municipality

Q4. Relative to other municipal priorities, how important are flood-related impacts for your municipality?
Not at all a problem
Minor problem
Moderate problem

Serious problem

Q5. Over the next 5 years, do you anticipate that flooding will:
(e.g., recurring heavy rainfall)

Become less frequent
Occur at the same frequency
Become more frequent

I don't know / I'm not sure
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Q6. Over the next 5 years, do you anticipate that the value of properties and assets exposed to flooding
will:
(e.g., due to population growth, property value increases, economic growth in flood-prone areas)

Decrease
Remain the same
Increase

I don't know / I'm not sure

Q7. Which steps have been taken to manage flood risks in your municipality?
(e.g., actions taken to prevent and minimize property damages, ensure quick flood recovery)
Check all that apply.

Invested in new floodplain mapping studies

Collected new flood modelling data (e.g., LiDAR data)

Established a minimum standard of flood protection (e.g., 100-year flood)

Planned for flood events that exceed a minimum flood protection standard (e.g., 100-year flood)

Changed (re-)development rules for designated floodplains

Designated new lands as regulated floodplains

Built flood protection infrastructure

Implemented programs for incentivizing property-level flood risk mitigation

Other steps:
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Q8. Which steps is your municipality planning to take over the next 1-2 years to manage flood risks?
(e.g., planned steps to prevent and minimize property damages, ensure quick flood recovery)
Check all that apply.

Invest in new floodplain mapping studies

Collect new flood modelling data (e.g., LiDAR data)

Establish a minimum standard of flood protection (e.g., 100-year flood)

Plan for flood events that exceed a minimum flood protection standard (e.g., 100-year flood)

Change (re-)development rules for designated floodplains

Designate new lands as regulated floodplains

Build flood protection infrastructure

Implement programs for incentivizing property-level flood risk mitigation

Other steps:

None planned at this time
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Q9. Are the steps being taken to address flood impacts part of a plan/strategy?
We're currently not taking steps to address flood impacts
These steps are taken on an as-needed basis or when funding becomes available
These steps are part of a plan, but the plan's execution is not monitored by government staff
These steps are part of a plan, and the plan is monitored by government staff

Other:
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Q10. Would any of these information sources improve your municipality's flood risk management

efforts?
(e.g., resources allocation, informing decisions, program development)

Might or

might not Probably not Definitely not

Definitely yes Probably yes

A list of insurance
companies who offer
flood insurance in
your municipality

Average price of
flood insurance in
your municipality

Number of properties
that are insured for
flood in your
municipality

Insurance industry's
fluvial (riverine)
flood hazard maps

Insurance industry's
pluvial (urban) flood
hazard maps

Insurance industry's
coastal flood hazard
maps

Neighborhoods/postal
codes that the
insurance industry
considers to be high-
risk of flood

Neighborhoods/postal
codes where residents
are having difficulty
finding affordable
flood insurance

Flood maps that
capture future climate
change
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Q11. Which of the following information sources does your municipality currently have access t0?
Check all that apply.

A list of insurance companies who offer flood insurance in your municipality

Average price of flood insurance in your municipality

Number of properties that are insured for flood in your municipality

Insurance industry's fluvial (riverine) flood hazard maps

Insurance industry's pluvial (urban) flood hazard maps

Insurance industry's coastal flood hazard maps

Neighborhoods/postal codes that the insurance industry considers to be high-risk of flood

Neighborhoods/postal codes where residents are having difficulty finding affordable flood
insurance

Flood maps that capture future climate change

None of the above

Q12. For what purpose would your municipality use the information described above?
(e.g., a list of insurance companies who offer flood insurance in your municipality, neighborhoods/postal
codes where residents are having difficulty finding affordable flood insurance)

Inform municipal flood risk mitigation investments
Inform municipal floodplain regulations and zoning
Inform residents about flood insurance

Other purposes:
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I don't know for what purpose at this time, but my municipality is interested in accessing that
information

My municipality is not interested in using the information described above

Q13. What barriers has your municipality faced when implementing flood risk management initiatives?
(e.g., initiatives that prevent and minimize property damages, ensure quick flood recovery)
Check all that apply.

Difficulties identifying what to do to address local flood risks

Difficulties knowing when to implement certain actions to address flood risks

Conflicting information about local flood risks

Lack of available resources to implement initiatives or changes (e.g., data, expertise, financial
resources)

Lack of public support when implementing flood risk management initiatives (e.g., floodplain
regulation changes)

Lack of political will to change current policies, processes and programs related to flood risk
management (e.g., floodplain regulation changes)

Lack of incentives to continuously improve flood risk management (e.g., reward systems, clear
goals)

Lack of support systems from upper levels of government (e.g., information, financial resources,
policy direction)

No barriers experienced when implementing flood risk management initiatives
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Q14. Are there other barriers that your municipality has faced when implementing flood risk management
initiatives?
(e.g., prevent and minimize property damages, ensure quick flood recovery)
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Q15. Which of the following data sources are accessible to your municipality?

(e.g., the data is in an open data repository, municipal database, other government databases available for
use by your municipality)

Check all that apply.

Digital topography data of your municipality (e.g., LIDAR Digital Elevation Models)

Historical river gauge records for your municipality

Historical rainfall records for your municipality

Historical tidal gauge records for your municipality

Places in your municipality where flooding has occurred in the past (e.g., spatial extent of
historical floods)

Places that are regulated/designated floodplains in your municipality (e.g., spatial extent of
regulatory flood)

Places that are protected from flooding in your municipality (e.g., due to levees)

Properties that are flood-proofed because of municipal floodplain regulations (e.g., properties
with raised foundations)

Properties that have been part of municipal flood-proofing programs (e.g., sump pump subsidy
programs)

Other related data:

None of the above

Q16. Which of the following data sources would your municipality be willing to share with the insurance
industry to inform their flood risk analyses? (e.g., calibrating flood models, assessing property-level flood
risk, calculating flood insurance premiums)

Check all that apply.
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Topography data of your municipality (e.g., LIDAR Digital Elevation Models)

Historical river gauge records for your municipality

Historical rainfall records for your municipality

Historical tidal gauge records for your municipality

Places in your municipality where flooding has occurred in the past (e.g., spatial extent of
historical floods)

Places that are regulated/designated floodplains in your municipality (e.g., spatial extent of
regulatory flood)

Places that are protected from flooding in your municipality (e.g., due to levees)

Properties that are flood-proofed because of municipal floodplain regulations (e.g., properties
with raised foundations)

Properties that have been part of municipal flood-proofing programs (e.g., sump pump subsidy
programs)

Other related data:

None of the above

Q17. Would your municipality be interested in these functionalities that can be delivered by a data
integration platform? (i.e., a platform designed to manage and visualize flood risk data owned by a range
of public and private organizations)
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My municipality
can share its
flood modelling
data and/or raise
awareness of its
existence to the
insurance
industry (e.g.,
LiDAR data,
flood
protections)

Insurance
companies can
use the data my

municipality
shares when
assessing
property-level
flood risks

Year after year,
my municipality
can see how
many properties
are insured for
flood

My municipality
can see, year
after year, how
flood insurance
prices are
changing

My municipality
can see the
location of high-
risk areas that
insurance
companies have
identified

My municipality
can see how its
progress in
flood risk
management
compares to
other
municipalities

Very desirable

Desirable
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Undesirable

Very
undesirable



Upper levels of
government can
see the actions
being taken by
my municipality
to manage local
flood risks

Q18. Are there other functionalities of interest that can be delivered by a data integration platform?
(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private

organizations)
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Q19. How likely is your municipality to use a data integration platform that has functionalities of
interest for its flood risk management efforts?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

Extremely likely
Likely

Neutral

Unlikely

Extremely unlikely

Q20. Are there foreseeable benefits of a data integration platform for your municipality's flood risk
management efforts?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

Q21. Are there foreseeable drawbacks of a data integration platform for your municipality's flood risk
management efforts?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

Q22. Other comments or suggestions for research direction:
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2. Survey for insurance companies (Survey Instrument #2)

QL. Does your company sell residential flood insurance products in Canada?
(i.e., insurance coverage for property damages caused by rivers, rainfall and/or groundwater)

Yes
No

| prefer not to answer

Q2. In which provinces or territories does your company offer residential flood insurance products?
(i.e., insurance coverage for property damages caused by rivers, rainfall and/or groundwater)
Check all that apply.

Alberta

British Columbia

Manitoba

New Brunswick

Newfoundland and Labrador

Nova Scotia

Ontario

Prince Edward Island

Quebec

Saskatchewan

Northwest Territories

162



Nunavut

Yukon

| prefer not to answer

Q3. Does your company offer flood insurance coverage to residential properties in these cities?
(i.e., insurance coverage for property damages caused by rivers, rainfall and/or groundwater)

Check all that apply.

Toronto, Ontario

Richmond, British Columbia

Calgary, Alberta

Halifax, Nova Scotia

None of the above

| prefer not to answer
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Q4. Which factors can affect a property's residential flood insurance premium determined by your
company?

(e.g., premium rate setting)

Check all that apply.

Proximity to a river or waterbody (e.g., 100m distance from a river)

Past flood-related claims

The likelihood of flooding at the property

The expected depth of flood waters

The expected velocity of flood waters

The expected cost of flood damages

Local terrain characteristics

Other:

| prefer not to answer
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Q5. Which factors might prevent your company from insuring a residential property for flood damages?
(e.g., refusing to issue flood insurance coverage to an applicant)
Check all that apply.

Proximity to a river or waterbody (e.g., 100m distance from a river)

Past flood-related claims

The likelihood of flooding at the property

The expected depth of flood waters

The expected velocity of flood waters

The expected cost of flood damages

Local terrain characteristics

Other:

| prefer not to answer

Q6. Has your company identified specific areas or properties to which it would not make residential flood
insurance available?
(i.e., properties at high risk of flood)

Yes
No

Other:

| prefer not to answer
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Q7. Does this information play a role in determining where your company does not offer residential flood
insurance coverage?

river)

The location of the property relative to a river or waterbody (e.g., 100m distance from a

Third-party flood modelling/risk assessments (e.g., JBA, Impact Forecasting)

Internal flood modelling/risk assessments

History of flood damages of the property's surrounding community or municipality

History of flood damages experienced by the property

Presence of combined sewer systems in the property's neighborhood

Other:

| prefer not to answer
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Q8. Would your company be willing to share the following information with government officials?
(e.g., municipal government officials)
Check all that apply.

Properties that my company will not insure for flood damages

Properties that my company has assessed to be at high-risk of flooding

Postal codes/neighborhoods that my company will not insure for flood damages

Data on uptake of flood insurance coverage (e.g., statistics on policies that are insured for
flood damages)

Spatial data my company has access to (e.g., flood hazard zones)

Other:

| prefer not to answer
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Q0. If a residential property is considered at high-risk of flooding, how does its insurance policy and
premium differ from properties at lower risk of flooding?

Premiums are higher to reflect higher flood risks

Deductibles are higher

The maximum payout for flood damages is capped (e.g., $10,000 maximum payout)

Flood insurance coverage is not offered by my company to high-risk properties

Other:

There are no differences

| prefer not to answer
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Q10. How often does your company re-assess flood insurance premiums for policyholders?
Never
Every other year
Annually
Bi-annually
Quarterly

Other:

| prefer not to answer

Q11. Which factors could trigger a re-assessment of flood insurance premiums for a policyholder?

Upgrades to flood protections in the vicinity of the property (e.g., sewer upgrades)

Upgrades to flood protections inside the property (e.g., sump pump)

Updates in third-party flood models/property-level risk assessments (e.g., JBA, Impact
Forecasting)

Updates in internal flood models/property-level risk assessments

Availability of new government data used for flood modelling (e.g., LIiDAR topography
data)

Recent claims history of the policyholder (e.g., over the past couple of years)

Other:

| prefer not to answer
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Q12. How often are property-level flood protections considered in business decisions regarding flood
insurance (e.g., premium rate setting)?
Such as: sump pump installations, weeping tile systems

Never
Rarely
Sometimes
Often
Always

Other:

| prefer not to answer

Q13. How often are community-level flood protections considered in business decisions regarding flood
insurance (e.g., premium rate setting)?
Such as: dikes, dams, stormwater management infrastructure

Never
Rarely
Sometimes
Often
Always

Other:

| prefer not to answer
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Q14. How confident is your company that flood insurance products offered are accurately priced?
(e.g., confidence in the models used for pricing flood insurance products)

Not at all confident
Slightly confident
Somewhat confident
Moderately confident
Extremely confident

Other:

| prefer not to answer
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Q15. Would access to the following datasets improve your company's ability to assess flood risks?

(e.g., calibrating flood models, assessing property-level flood risk, calculating flood insurance premiums,
reducing uncertainty in your company's understanding of flood risk)

Check all that apply.

Topography data (e.g., LIDAR Digital Elevation Models)

Historical river gauge records

Historical rainfall records

Historical tidal gauge records

Places where flooding has occurred in the past (e.g., spatial extent of historical floods)

Places that are regulated/designated government floodplains (e.g., spatial extent of
regulatory flood)

Places that are protected from flooding (e.g., due to levees)

Characteristics of flood defences, such as dams and levees (e.g., age, state of
repair/maintenance)

Properties that are flood-proofed because of government floodplain regulations (e.g.,
properties with raised foundations)

Properties that have been part of government flood-proofing programs (e.g., sump pump
subsidy programs)

Other related data:

None of the above

| prefer not to answer
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Q16. Are there other data or information that would improve your company's ability to assess flood risks?
(e.g., calibrating flood models, assessing property-level flood risk, calculating flood insurance premiums,
reducing uncertainty in your company's understanding of flood risk)

Q17a. The University of Waterloo researchers are designing and developing a user interface that displays
government and insurance flood risk data and facilitates the exchange of data between agencies.

The remaining survey questions ask about the functionalities that could be delivered by this prototype
(i.e., data integration platform) and that may be of interest to your company.

Q17b. Would your company be interested in these functionalities that can be delivered by a data
integration platform?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

173



Very desirable Desirable

My company
can share
information
with
governments
about areas and
properties at
high risk of
flood

My company
can share
information
with
governments
about historical
water damage
claims

Year after year,
my company
can see where
flood protection
upgrades have
been made

Year after year,
my company
can see which

properties have
participated in

government
flood-proofing
programs

My company
can receive
updates about
new flood
model data
created by
governments
(e.g., LIDAR
topography
data)

My company
can see
industry-wide
statistics on the
number of
insured
properties for
flood damages
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Neutral

Undesirable

Very
undesirable



My company
can see
industry-wide
statistics on the
number of high-
risk, uninsurable
properties

Q18. If this data integration platform were to exist, do you foresee it having an impact on the following:
(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)
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Somewhat
Very probable probable
Increase flood
insurance
premiums
offered by your
company

Decrease flood
insurance
premiums

offered by your
company

Change where
your company
offers flood
insurance (e.g.,
high-risk postal
codes)

Increase
confidence in
your company's
flood risk
assessments

Increase
understanding of
areas protected
from flooding
(e.g., dueto
flood protection
infrastructure)

Promote fair
competition
between
insurance
companies

Create
efficiencies in
the evaluation of
flood risks
conducted by
your company

Align public and
private efforts in
managing the
flood insurance
gap in Canada

176

Neutral

Somewhat
improbable

Very
improbable



Q109. If this data integration platform were to exist, what foreseeable benefits are there for your
company?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

Q20. If this data integration platform were to exist, what foreseeable benefits are there for governments
who share their data with the insurance industry?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

Q21. If this data integration platform were to exist, what foreseeable drawbacks are there for your
company?

(i.e., a platform designed to manage and visualize flood risk data owned by a range of public and private
organizations)

Q22. Other comments or suggestions for research direction:
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Appendix C

Resilience Bridge Platform Screenshots

Data platform for insurance companies (Interface #1)

Login screen

Welcome dashboard with statistics about the flood insurance market

Resilience Bridge insurance v1.0 Welcome back, Company A

What's new

‘wiw New data available Properties insured for flooding Properties classified as high-risk

800,000

Data updates +3 million than last year -200,000 than last year

See all updates

Residential flood insurance market, 2021-2022

Residential properties in Canada Properties insured for flooding Properties classified as high-risk

By flood risk class, 2021-2022 2021-2022 2021-2022
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National data index for insurers to find government datasets

Resilience Bridge insurance vi.0 Company A | Settings

Flood risk and resilience
Data finder

Data availability, by municipality
I Has new or updated data
I Has data of interest

I I Does not have data of interest

Company A | Settir

Flood risk and resilience | " (oAy ; Halifax
Data finder : :

8 of 22 data layers available | View details

Data availability, by municipality Local features

I Has new or pdated data '3 - @ Digital Elevation Model (bare-earth)
I s data of interest | 3 B ©water features (ines) HEW:

I Does not have data of interest \ : @ Water features (poly) %

@ Road network MW
@ Bridges "™

Flood hazard
@ Floodplain (non-regulatory)

Property data
@ Adaress points ™.
@ Building footprints YW

Resilience data
@ None

Map  Satellite
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Data available for a particular city (this list is only for demonstration purposes, not exhaustive
nor accurate)

Resilience Bridge insura Company A | Settings

Halifax, Nova Scotia

new or updated data layers data layers available
Overview of available data
I features (5) Flood hazard (1) Property data (2) Resilience data (0)
Digtal Elevation Mode! (bare-eartn) & Regutated fioodpiain € @ River and Coastal Flood Protections
o Foodsiam (non-reguiaioy) @ il !
@ e River cross-sections &) propeny parceis €@
@ v Histoncal iood locations € Lot-level flood-prooting measures €

i R
Storm sewer nEtWOrK (€ 0., pumps, culves
Ratways © Rainfai records € IONTUROAC AW (3 PUTS, CHivS

Areas protected by stormwater infras

(x] Stormwater Flood Protections
gauge records

Aerial photograpny € Tidai gauge records €

Data preview

ap  Satellite

Use ctrl + scroll to zoom the map

More details

Nam Last updated Download review Metadata Data quality
Digtal Elevation Mode! (bare-earth) 2018 4] NA ta
Water teatures (Ines) 2022 o Preview Metadata
Water teatures (poly) 2022 o Preview
Road network 2022 o Preview Metadata
Bridges 2022 o Preview ta
Floodplain (non-reguiatory) 2019 o Preview
Address points 2022 o Preview Metadata
Budding footprnts 2022 (4] Preview

* High qualiy™
*"Based on data compieten

‘@xceeds data standarcs outined in the Fedsral Floodpian Mapping Guidelnes
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Data platform for municipalities (Interface #2)

Login screen

Municipality Login

Welcome dashboard with statistics for Sunnydale City

Resilience Bridge municipaiities vi.0 Welcome back, Sunnydale City

Quick Facts - Sunnydale City

“m |nsurance updates Properties insured for flooding Properties classified as high-risk
8,000
updates +1,000 than last year «1,000 than last year

View all updates

Residential flood insurance market 2021-2022, Sunnydale City

ial properties in y City Properties insured for flooding Properties classified as high-risk
By flood risk class, 2021-2022 2021-2022 2021-2022

181



Map viewer for Sunnydale City (high-risk properties are highlighted with red dots, this is only
for demonstration purposes and not accurate nor exhaustive).

Resilience Bridge municipaiities v1.0 Sunnydale City | Settings

Legend L Insurabiy tips start report

YV Assets exposed to floods Sunnydale City

@ Residential addresses High risk properties identified by insurers*

5,000 (20%) of 25,000 residential properties in Sunnydale City

Resilience measures reported by Sunnydale City in 2021

Building footprints

Resiental [l Commercial of industrial
M Oter busdings

Changes In residential flood Insurance market (2021-2022)
2021 2022

® Flood hazard area High risk properties 6.000 50000

Government-designated floodplain (100-year flood)

Uninsured properties

Insurability tips for Sunnydale City (this was meant to act as tips that insurance companies could
provide municipal officials)

Resilience Bridge municipaiities v1.0

Legend

% |nsurance updates start report

VY Assets exposed to floods Sunnydale City

@ Residential addresses How to improve flood Insurability in Sunnydale City

Data
collection

Infrastructure

® Flood hazard area

-de:
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Reporting back tool (this was meant for municipal officials to upload new/changes to flood
defences data)

A
2022 Flood Resilience Report - Sunnydale
City
andrea.minano@gmail.com Switch account &

The name and photo associated with your Google account will be recorded when you upload
files and submit this form. Your email is not part of your response.

Report instructions

Complete this report to share upd: on )! City's flood resill efforts over the
past year (Dec. 2021 to Dec. 2022). E.g., new data collected, new infrastructure built,
upgraded infrastructure.

Insurability Tips:

Data collection
Collect data on pluvial and coastal flood defences

Infrastructure

North End neighborhood recently experienced severe flooding. Investigate causes and
build, restore, and upgrade flood management infrastructure in North End neighborhood.

n Report
Continue to report upgrades and changes in flood management so insurers can consider
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Appendix D

Interview protocol for municipal officials

1. Welcome - turn on recording if they have accepted on the Consent Form

e The purpose of this meeting is to give you an overview of the tool that you will be
evaluating

e Follow up from the surveys that were administered in 2021 and early 2022 for my
doctoral studies. The surveys were completed by reps from 59 Canadian cities and
7 insurance companies that offer residential flood insurance

e My PhD research seeks to understand how public-private data-sharing could play
a role in flood risk management in Canada, and the tools that could facilitate data-
sharing across sectors

e Before doing the demo, | would like to start with some introductions, learn a little
bit more about yourself if that’s ok

2. Questions
2.1 Introduction

e Please introduce yourself + your role at [municipality]

e Are floods a problem for your municipality? Do you think your municipality is well-
equipped to deal with floods? (e.g., capacity issues?)

e How do you come up with projects and priorities for municipal flood management? How
do you currently evaluate progress? Reporting structure/tracking progress?

- Is this an annual plan? Have you experienced bottle necks when implementing those
plans? How have you overcome those bottle necks?

- When infrastructure upgrades are completed, are data technicians collecting
data about these upgrades?

e To your knowledge, have residents in your municipality faced issues with flood
insurance? If so, how has your municipality responded to this resident concern?

- Toyour knowledge, have the action taken by your municipality changed flood
premiums/risk categorization?

e Does your municipality have access to data/information about flood insurance? Could
you describe what this data looks like?

- How did you get access to this information? What are you using it for? Is this static
information or do you receive updates? Why did you seek this information? How
reliable is this information?

- Has this insurance information informed municipal decision-making? If so, how?

- Has access to this information helped you build a case around infrastructure
proposals?
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o Has access to this information helped fund infrastructure projects? E.g., from
the federal government, council
- Has this information informed land use planning? Why or why not?
How often do you interact with insurance companies? Insurance brokers?
- Do you communicate with insurance companies about updates/changes in municipal
flood management? Why or why not? How does this process look like?
- Do you share data with insurance companies? (e.g., hazard, property, resilience data)
- What comes to mind when you think of “data-sharing”?

2.2 Demo walkthrough + discussion

From the survey responses, it appears that municipalities and insurers in Canada are
working in independent silos with little to no opportunities for interaction and for sharing
resources, but an interest in accessing data that the other sector has

for example only 6 municipalities of 59 reported having access to any information about
flood insurance in their cities, but most were interested in seeing high-risk areas that
insurers had identified

Resilience Bridge Platform/intermediary, data collector/aggregator

There may be an opportunity to establish a mechanism that could help information and
communication flow between insurance companies and municipalities

Insurance companies can share data on high-risk properties for municipalities to see
Municipalities can share data on building footprints, stormwater management
infrastructure, one stop for insurers to find govt data

Receive updates on an ongoing basis, e.g., every year, monitoring the evolving nature of
flood risks and the flood insurance market in Canada

What does this mean for a user in a municipality? As a user, Resilience Bridge would be a Web
interface

Get your feedback on the ideas proposed, what is useful for you, not useful, early stages so this is
an exercise for learning and evaluation

Questions or comments so far before we dive into demo?

2.2.1 Resilience Bridge — Interface #2

First impressions, how does this differ from what you already have

1. How would you/your team use an interactive map showing areas and properties that

insurance companies have identified as high-risk of flooding/where they may not make
flood insurance available?

185



o Realistically, what is the level of detail that could inform decisions? Property-
level (like the example shown), or would neighborhood-level map suffice, or
high-level statistics for your municipality? Is a report?

o Are there drawbacks to getting access to this information?

2. On day-to-day operations, how would such a map be used by your municipality? By
whom and in what context?

e Who is the person that would use this information?

e At what point in time would such a map be used by you?

o How would this be different from the information that you already have
access to?

o Do you think this information could inform your flood management decisions? Be
an effective source of information to get projects funded? Why or why not?
DMAF application/making a case/priority-setting for infrastructure projects

3. What could a Data Platform do to address limitations or capacity issues facing your
municipality?

Alternatively, you can receive a report every year. Is there an advantage to an interface vs. a
report?

4. The Data Platform can provide metrics for monitoring changes in flood risk and risk
management in a municipality (e.g., number of high-risk uninsurable properties in 2022)
and for comparing with other municipalities in Canada.

o Inyour experience, could these types of metrics be used to access funds for flood
management infrastructure projects? Do you foresee other uses for these metrics?

5. Should upper levels of government get access to this type of information about your city?

2.2.2 Resilience Bridge — Interface #1

6. The Data Platform could facilitate a process where periodically municipalities share
updates with insurers (e.g., flood protection infrastructure built/upgraded in 2022) to
produce a national index of available government data (e.g., hazard, property, resilience)

- As amunicipal official, are you interested in sharing municipal data with insurance

companies for informing their flood risk analyses? Why or why not? Would this work be
done by you or another department?
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Few municipalities reported having data on flood protections

Sewer lines, attributes information for segments (e.g., a pipe’s age of construction, date when it
was last maintained), areas that are benefited by the defence and the level of defence

- Flood Protection Data Layer? (f/p/c)

7. Does your municipality currently collect that type of data? Or would it need to be
digitized? Is it publicly available? Internal? Would you be inclined to share data on flood
protections with insurance companies? Why or why not?

a. Do you have technical staff that keep these datasets up-to-date?

b. Is your municipality willing to periodically upload data to the Data Platform on
Flood Protections?

8. What outcome would you like to see in return of your data contribution?

2.2.3 Outcomes

e To what degree, do you think the Resilience Bridge Platform can effectively produce the
following outcomes? (e.g., 1 to 5=highly likely)
o Improve access to decision-useful flood information
o Incentivize governments to continuously work towards flood damage prevention
o Increase your municipality’s capacity to manage flood risks
o Produce benefits for the public
o Increase trust in insurance companies

2.3 Closing thoughts

e From what you’ve seen of Resilience Bridge, what is of most interest to you? What is of
least interest?

e Who in your organization could be a user of Resilience Bridge?

e Who else in your organization might be interested in discussing Resilience Bridge?

e If Resilience Bridge was available tomorrow, what would change for your organization?

e |deas for future iterations, maybe a completely different solution?

o Are there better ways of achieving the same outcomes?
e Why do you think this solution does not exist?

Other solutions of present challenges/concerns? Is this an adequate tool for overcoming
challenges facing your municipality? Or are there other approaches that we have not discussed?
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Involvement of upper tier governments?
An area where infrastructure has recently been upgraded, and supporting data/docs

Third-party?

Interview protocol for insurance representatives

1. Welcome - turn on recording if they have accepted on the Consent Form

e The purpose of this meeting is to give you an overview of the tool that you will be
evaluating

e Follow up from the surveys that were administered in 2021 and early 2022 for my
doctoral studies. The surveys were completed by reps from 59 Canadian cities and
7 insurance companies that offer residential flood insurance

e My PhD research seeks to understand how public-private data-sharing could play
arole in flood risk management in Canada, and the tools that could facilitate data-
sharing across sectors

e Before doing the demo, | would like to start with some introductions, learn a little
bit more about yourself if that’s ok

2. Questions

2.1 Introduction

e Please introduce yourself + your role at [company], how data plays a role in residential
flood insurance products offered by your company?

e Do you do your flood modelling in-house?

o Do you/your team actively seek out data for flood modelling or build upon third-
party models?

o Tell me about that process...are there pain points? What are you doing to address
those pain points?

e How easy has it been to find data needed for flood risk assessments conducted by your
company? (e.g., flood hazards, buildings, resilience measures)

o Are there specific datasets that have been difficult to find?
o Inyour opinion, what would make that process easier?

e How do you currently keep track of where upgrades in flood protection are happening
across Canada?

e Has your company identified properties at high-risk of flooding (e.g., declined flood
insurance coverage). Could you tell me a little bit about that process of identifying these
properties? Would you be inclined to share data on high-risk properties with
governments?
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e Have there been instances in the past where properties that were previously identified as
high-risk were reclassified to a lower risk category?

e Do you currently have access to industry-wide statistics on number of insured properties
+ number of high-risk uninsurable properties? Is that something that could be of interest,
why or why not?

2.2 Demo walkthrough + discussion

e From the survey responses, it appears that municipalities and insurers in Canada are
working in independent silos with little to no opportunities for interaction and for sharing
resources, but an interest in accessing data that the other sector has

o for example only 6 municipalities of 59 reported having access to any information about
flood insurance in their cities, but most were interested in seeing high-risk areas that
insurers had identified

e Resilience Bridge Platform/intermediary, data collector/aggregator

e There may be an opportunity to establish a mechanism that could help information and
communication flow between insurance companies and municipalities

e Insurance companies can share data on high-risk properties for municipalities to see

e Municipalities can share data on building footprints, stormwater management
infrastructure, one stop for insurers to find govt data

e Receive updates on an ongoing basis, e.g., every year, monitoring the evolving nature of
flood risks and the flood insurance market in Canada

What does this mean for a user in the insurance industry? As a user, Resilience Bridge would
be a Web interface

Get your feedback on the ideas proposed, what is useful for you, not useful, early stages so this is
an exercise for learning and evaluation

Questions or comments so far before we dive into demo?

2.2.1 Resilience Bridge — Interface #1 questions

Open data, or internal data that municipalities have

1. How would your company use a Data Platform that displays a national index of
available government data (e.g., flood hazard, property, resilience data)? If so, how
often would your company want to receive data updates?

a. Would it create efficiencies for your team/company? Benefits or drawbacks of the

national data index? Who in your company could be a user of this Platform? How
would they use it? When would they need the data? What’s missing?

189



Few municipalities reported not having data on flood protections.

2. If the Data Platform asked government officials to upload data of flood protections, what
should a Flood Protection Data Layer look like so that it can be used for insurance
purposes? (f/p/c)

3. Asking local governments to partake in data collection could be challenging if there are
no incentives to do so. Why should local governments invest time in creating and
providing access to datasets of interest to insurers?

2.2.2 Resilience Bridge — Interface #2 questions
4. Isyour company willing to periodically upload data to the Data Platform on where it

does not offer flood insurance coverage/consider to be high-risk of flooding for the use
of government officials? If yes or no, please explain.

o

What is your motivation to make your data available?

b. If I asked you for data for high-risk areas, would you make your data available via
the Resilience Bridge platform? Why or why not? What assurances would you
need to make your data available?

5. If government agencies took steps to physically reduce flood damages in high-risk areas
your company has identified and reported these efforts via the Data Platform, how would
that affect flood insurance availability and pricing?

2.2.3 Outcomes generated

e To what degree, do you think the Resilience Bridge Platform can effectively produce the
following outcomes? (e.g., 1 to 5=highly likely)

e Improve access to high-quality data used for flood risk detection and evaluation
e Incentivize governments to continuously work towards flood damage prevention
e Change where your company offers flood insurance (e.g., high-risk postal codes)
e Change flood premiums offered by your company

e Increase trust in government agencies

2.3 Closing thoughts (open ended)

e From what you’ve seen of Resilience Bridge, what is of most interest to you? What is of
least interest?

e Who in your organization could be a user of Resilience Bridge?

e Who else in your organization might be interested in discussing Resilience Bridge?

¢ If Resilience Bridge was available tomorrow, what would change for your organization?

e Ideas for future iterations, maybe a completely different solution?
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e Are there better ways of achieving the same outcomes?
e Why do you think this solution does not exist?
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Risk

Probability of
flooding

Uncertainty

Flood risk
management
(FRM)

Flood risk
governance

Resilience

Glossary

“The combination of the chance of a particular event (such as a flood)
occurring and the impact that the event would have if it occurred. Risk
therefore has two components, probability and consequence. The consequence
of an event may be either desirable or undesirable” (Sayers et al., 2013, p. 24).

“The chance of a particular part of the floodplain experiencing flooding after
taking account of the performance of any associated flood control
infrastructure (including both failure and nonfailure possibilities). The chance
of flooding must be linked explicitly to an associated reference timescale
(annual or lifetime probability for example) and specific characteristic(s) of
the flood (depth, duration or velocity for example). The probability of flooding
is not simply related to the return period of the driving storm” (Sayers et al.,
2013, p. 24).

“Any prediction/inference (timing of a storm, data, model or decision) that is
not accompanied with complete sureness, whether or not described by a
probability distribution. Uncertainty can be attributed to first, the inherent
variability in natural properties and events (aleatory uncertainties), and
second, incomplete knowledge of variables, parameters and model structures
(both quantitative and qualitative models) (epistemic uncertainties)” (Sayers et
al., 2013, p. 26).

“The process of data and information gathering, risk analysis and evaluation,
appraisal of options, and making, implementing and reviewing decisions to
reduce, control, accept or redistribute flood risks. It is a continuous process of
analysis, adjustment and adaptation of policies and actions taken to reduce
flood risk (including modifying the probability of flooding and its severity as
well as the vulnerability and resilience of the receptors threatened). FRM is
based on the recognition that risks cannot be removed entirely but only
partially, and often at the expense of other societal goals.” (Sayers et al.,
2013).

“The actor networks, rules, resources, discourses and multi-level coordination
mechanisms through which FRM is pursued” (Alexander et al., 2016a, p. 39).
“These [actors] are characterized by overlapping jurisdictions that do not
match the traditional hierarchical order and multi-actor alliances that include
traditional governmental actors such as the executive, legislative and judicial
branch, but also socially relevant actors from civil society, most notably
industry, science and non-governmental organizations (NGOs). This
implicates an increasingly multilayered and diversified socio-political
landscape in which a multitude of actors, their perceptions and evaluations
draw on a diversity of knowledge and evidence claims, value commitments
and political interests in order to influence processes of risk analysis, decision-
making, and risk management” (Renn et al., 2011, p. 231).

A multidimensional concept meaning “i) a measure of resistance (i.e. ability to
block a disruptive event), ii) a measure of return to normality (i.e. recovery),
iii) a measure of absorption and persistence, or as iv) a measure of adaptive
capacity (including capabilities to learn and effect change)” (Alexander et al.,
20164, p. 40).
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Effectiveness

Governance
fragmentation

Governance
integration

Uninsurable risk

“The degree to which a measure causes risk to be reduced as expected or
desired. In general the effectiveness of flood risk management as a whole is
increased by adopting a portfolio approach, where the advantages of one
option compensate for the disadvantages of another to minimize risk and
maximize opportunities.” (Sayers et al., 2013, p. 22). Other schools of thought
also posit effectiveness as the degree to which legitimacy and resource
efficiency (i.e., time, money, effort) is achieved by FRM processes and
activities (Alexander et al., 2016a).

“The situation in which a ‘governance architecture’ is not regulated or
dominated by a single (international) regime, but instead is ‘marked by a
patchwork of international [and domestic] institutions that are different in their
character (organizations, regimes, and implicit norms), their constituencies
(public and private), their spatial scope (from bilateral to global) and their
subject-matter (from specific policy fields to universal concerns)’” (Gilissen et
al., 2016, p. 14).

“The opposite of fragmentation” which can be achieved by “enhancing
interconnectedness within fragmented FRM systems (ie creating or
intensifying effective interrelations between relevant actors at relevant points
within the system) benefits the effectiveness of FRM”. Such as by establishing
transfer mechanisms (e.g., information transfer or exchange), coordination
mechanisms (e.g., aligning policies pursued by two actors), and cooperation
mechanisms (e.g., establishing joint policies) (Gilissen et al., 2016, pp. 14,
16).

“Uninsurability occurs when a prospective policyholder cannot buy the
coverage [he/she/they] reasonably needs to combat the adverse consequences
of damage resulting from an uncertain occurrence. This can happen in three
situations: (1) the insurance product cannot be made available, (2) the
insurance product is available, but sufficient coverage cannot be obtained, (3)
the insurance product is not affordable to certain groups because of its price. It
is obvious that especially in the second and third situation the designation of
‘uninsurable’ depends on a number of subjective factors” (Holsboer, 1995, pp.
407-408)
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